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REPORT   OF   THE    CHIEF    OF    ORDNANCE. 


War  Department,  Ordnance  Office, 

Washington,  October  1, 1886. 
8m :  I  have  the  honor  to  submit  the  following  report  of  the  principal 
operations  of  the  Ordnance  Department  daring  the  fiscal  year  ended 
Jane  dO,  1886,  with  such  remarks  and  recommendations  as  the  interests 
of  this  branch  of  the  military  service  seem  to  require. 

The  fiscal  resources  and  expenditures  of  the  Department  during  the 
year  were  as  follows,  viz : 

Amonnt  in  the  Treaanry  to  the  credit  of  the  appropriations  od  Jane 
30,1885 $532,093  98 

Amonnt  in  the  Treasnry  not  reported  to  the  credit  of  the  appropriations 
on  Jnne  30, 1885 6,819  21 

Anioant  in  Government  depositories  to  the  credit  of  disborsing  officers 
md  others  on  Jane  30, 1885 233,565  74 

Amoont  of  appropriations  for  the  service  of  the  fiscal  year  ended  Jnne 
30,1886 1,931,525  20 

Amoont  refunded  to  ordnance  appropriations  in  settlement  of  accounts 
during  the  year  ended  Jane  30,  1886 11,059  99 

QnMB  amonnt  received  daring  the  fiscal  year  ended  Jane  30,  1886,  from 
liles  to  officers ;  from  rents ;  from  collections  from  troops  on  aocoant 
of  losses  of,  or  damage  to,  ordnance  stores;  from  Chicago,  Bock 
Uland  and  Pacific  Railroad  Company ;  from  powder  and  projectiles 
(proceeds  of  sales) ;  from  sales  of  condemned  stores ;  from  testing 
msehine,  and  from  all  other  soorces  not  before  mentioned 66, 541  93 

Total 2,782,205  99 

imoont  of  expenditores  during  the  fiscal  year  ended  Jane  30,  1886,  in- 
cluding ezpoDses  attending  sales  of  condemned  stores,  powder,  and 
prqieetflea,  &c 1,896,862  98 

Amoant  deposited  in  Treasury  during  the  fiscal  year  ended  June  30, 
IM,  as  proceeds  of  sales  of  Government  pxoi>erty 43,687  10 

AsMmnt  transferred  fhnn  ordnance  appropriations  in  settlement  of  ao- 
eoonts  during  the  fiscal  year  ended  June  30,  1886 2,556  99 

Aasont  turned  in  to  the  surplus  frmd  on  June  30, 1886 65,662  26 

Aaoont  in  Government  depositories  to  the  credit  of  diabursing  officers 
aid  others  on  Jane  30, 1886 226,835  90 

AiMNmt  in  tlie  Treasury  not  reported  to  the  credit  of  appropriations 
«JiUM  30,1880 4,257  70 

AaiiBlintbeTieMQfytothecieditof  appropriation8onJune30,1686.       542,343  12 

Mia 2,782,205  99 
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chase  hooping,  sent  to  the  proving  groaud  and  fired  with  heavy  charges. 
The  most  careful  attention  has  been  paid  to  enlargements  of  the  bore 
within  the  nnhooped  portion  of  the  chase.  Daring  the  firing  of  the 
twenty-four  rounds  the  bore  was  star  gauged  after  the  first,  fourth,  sev- 
enth, thirteenth,  twenty-third  and  twenty-fourth  rounds.  Even  after 
the  thirteenth  round  the  maximum  enlargement  in  the  nnhooped  chase 
was  but  j7^(r  of  ^^  inch.  After  the  twenty -fourth  round  for  about  12 
inches  in  the  length  of  the  bore  near  the  muzzle  the  enlargement  was 
j^  of  an  inch.  This  enlargement  is  in  itself  small,  showing  an  ex- 
tension of  only  YuHfis  of  an  inch,  i)er  linear  inch,  or  less  than  one-half 
of  one  per  cent,  of  the  ultimate  extensibility  of  the  metal  after  rupture^ 
as  determined  by  tests  of  bars  cut  from  the  tube  forging  itself.  A  care- 
ful consideration  of  the  results,  however,  led  to  the  conclusion  that  the 
chase  should  be  hooped  to  the  muzzle,  having  also  in  view  the  purpose 
of  the  Testing  Board  to  fire  the  gun  to  extremity.  This  modification  in 
the  design  will  permit,  with  a  suitable  powder  adapted  to  a  high  den- 
sity of  loading,  of  increasing  the  present  powder  charge,  if  desired, 
and  will  enable  the  Department  fully  to  develop  the  ballistic  properties 
for  guns  of  this  class.  The  gun  has  been  returned  to  the  West  Point 
Foundry,  where  it  is  now  in  the  lathe  being  turned  for  its  chase-hoop- 
ing.*   It  is  expected  that  the  trial  will  be  renewed  in  about  two  months. 

This  8-inch  gun  is  made  largely  of  imported  steel.  The  first  forgings 
imported  were  rejected  as  not  up  to  our  standard  of  what  the  metal 
should  be.  The  machining  of  the  steel  and  fashioning  of  the  gun,  was 
done  in  this  country.  The  technical  work,  such  as  determining  the 
specifications,  and  the  details  of  the  construction,  the  shrinkages,  &c., 
and  the  daily  supervision  and  inspection,  was  the  exclusive  work  of 
ordnance  ofiScers.  In  the  manufacture  of  high-power  steel  guns  such 
as  these  no  mle-of-thumb  methods  can  be  followed.  Scientific  study, 
and  technical  skill  and  devoted  attention  to  the  work  can  alone  reach 
saceessful  results.  The  few  rounds  already  fired  prove  that  the  work 
was  well  done,  and  gives  us  every  reason  to  believe  that  the  quali- 
ties of  steel  required  for  guns  and  the  manufacture  of  guns  can  be  in- 
trusted with  entire  confidence  to  the  officers  of  this  Department. 

I  may  here  remark,  that,  owing  to  the  failure  of  the  fortifications 
bill,  and  the  consequent  inability  of  the  Department  to  procure  new 
supplies  of  powder,  it  would  have  been  impracticable  to  test  this  new 
S-inch  gun  after  its  completion,  except  for  the  fact  that  the  Department 
had  an  existing  contract  with  the  Messrs.  Du  Pont  for  a  supply  of  brown 
powder. 

*  Since  writing  the  above  the  chase  of  the  8  inch  rifle  has  been  turned  down  for  the 
noeption  of  its  hoops,  and  after  removing  the  necessary  metal  on  the  exterior  it  was 
neertained  that  the  bore  had  undergone  considerable  restoration,  which  has  mate- 
riftUy  reduced  the  above-noted  enlargement.  This  fact  points  to  the  existence  of  ini- 
tiil  itnuns  in  the  original  tube,  due  probably  to  faulty  treatment  in  manufacture,  and 
vhieb,  acting  in  the  same  direction  as  the  powder  strains,  caused  an  enlargement  of 
^  bore  such  aa  w'aa  not  to  be  expected  fix>m  the  action  of  the  powder  alone. 
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Produetian  oftteel  gunforgi»gt. 

Tim  JHi<lvHl»  Ht4Mil  Cuuipuiiy,  bttHComideted  its  contract  for  the  delivery 
or  tWKiity-ltvtt  HetH  of  Utrfgina^  for  3^-inch  B.  L.  field  guns.  The  steel 
fliniiitliuil  liHH  Ihh4ii  of  M  KiiiMtrior  qnality,  exceeding  the  reqairementa 
fif  \\iv  c4iri(i-iH!t.  Tlii-Mt  worlcH  )mvH  lilso  completed  all  the  parts  for  the 
IS  jiirli  II.  I,,  Hii'Ko  (till),  t'X(^i-]itiiiK  the  jacket,  nnd  that  will  be  delivered 
III  NoveitilHT.  A  LuIh)  and  truiiuioii  hoop  for  an  8-inch  B.  L.  rifle  have 
uImo  Imwii  micccMttfUlly  forged  and  accepted.  The  prodnction  of  the 
Mihcli  rillu.)U(;kut  liati  Iwun  attended  with  considerable  diffloalty,  and  a 
tiiiinlHir  of  I'liiliireH  have  lieen  exiHirienced,  this  being  the  largest  gnn 
fiiFKiiiK  <'">*<  I'l^r  iiiidertjiketi  at  Xicetowo.  Bat  the  last  attempt  has, 
tli«rt«  Im  ivamin  to  iM'tivre,  proved  entirely  Bnccessfal,  and  the  manafiaot- 
uii'iH  liiive  tculnctl-  in  com]>eD8ation  for  their  failures  most  valuable 
pniolii'ul  knowliHit;*'  of  how  to  deal  with  large  forgings,  and  thus  have 
lin>kt>n  ht'dh  ground  in  the  tlevelopmeut  of  the  steeUindnstry. 

Prior  to  ordiTing  the  trunuioii  hoop  for  the  8-inch  gnn,  as  the  pro- 
iliivlion  of  »  forged  HttH>l  trunnion  hoop — at  least  of  any  considerable 
»u\' — hud  n«it  liitlu-rto  lH>en  aci-oniplished  in  this  conntry,  and  as  it  was 
very  deMinible  to  know  lUTunitely  the  mechanical  qualities  of  snch  a 
forging,  the  IViMirtnient  pn>cured  fW>m  the  Midvale  Steel  Compaoy, 
for  iniv|>oiM's  of  tvtit,  a  forgetl  trunnion  hoop  of  abont  the  same  else  as 
that  nH)niittl  for  thf  S  im-h  ride.  When  completed  this  tmonion  hoop 
w»«  sent  to  thf  West  I'oiut  Foundry,  where  it  was  cat  in  half  along  a 
plttiie  |>t)Sfitiig  thr\>ugh  the  uxi»  of  the  trunnions  and  perpendicular  to 
the  axis  of  the  hoop.  l>ne  of  the  halves  was  then  subjected  to  thor- 
ough uiM-hauieul  test  by  uietius  of  test  siiecimens  taken  from  varioos 
iwurts  along  the  inner  ftk-e.  while  the  other  half  was  subjected  first  to 
ail  elastt*.'.  aud  theu  to  a  strength  test  by  being  shrank  successively  on 
lwotf*st-iroueyUuders,  The  results  by  both  methods  of  teat  were  satas- 
taetory  and  deuioustrated  the  ability  of  the  Mid  vale  Steel  Company,  to 
i.\t(ie  with  thvw  difficult  forgings.  Following  are  some  results  obtained 
front  xhn  i^tuch  tube  aud  trunnion  hoop.  The  test  specimens  were 
taken  tangwuliall^-.  thooe  fhim  the  tube  being  3  inches  long  and  of 
.^XM  of  au  inch  diameter,  and  those  from  the  trunnioa  hoop  6  inebes 
hNig  and  of  .3&1  of  aa  in«.'h  diameter : 
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8.12SCH  EXPEBIMEKTAL  TBUNNION  HOOP— TENSILE  TESTS. 


Oater  end,  A  : 
liinimam 
Maxiroum 
Average  . 

Center,  C : 
liinimnm 
Maximum 
Average  .. 

Outer  end,  B : 
Minimum 
Maximum 
Average  .. 


Elastic 
limit. 

Tensile 
strength. 

Elonga- 
tion after 
rupture. 

Pf>unds. 
49. 000 
57,  000 
53,750 

Pounds. 
80,000 
03, 920 
91.800 

Per  cent. 
17.67 
22. 17 
19.25 

45,000 
56,000 
48,300 

80, 760 
91.960 
80.652 

16.50 
19.33 
17.81 

44,000 
48,000 
40,250 

87, 000 
89,  000 
88,090 

14.50 
20. 30 
18.04 

The  results  from  the  shrinkage  tests  of  the  trunnion  hoop  showed 
that,  whilst  the  hoop  was  weakest  in  the  vicinity  of  the  tranoions,  the 
hoop  as  a  whole  was  adapted  to  purposes  of  gun  construction,  yet  that 
due  care  must  be  exercised  in  the  determination  of  the  shrinkage  to 
be  employed,  as  an  excessive  shrinkage  would  tend  to  develop  a  set 
in  the  trunnion  masses  when  the  gun  is  fired.  A  full  report  on  this  ex- 
perimental trunnion  hoop,  showing  the  locations  of  the  test  specimens 
and  describing  the  tests,  and  giving  the  conclusions  to  be  drawn  from 
them,  is  contained  in  Appendix  26.  Since  the  manufacture  of  the  ex- 
perimental trunnion  hoop  the  Midvale  Steel  Company,  has  delivered  the 
8inch  riHe  forged  trunnion  hoop,  and  a  similar  hoop  for  the  12-inch  B. 
L  mortar,  the  end  tests  of  which  are  nearly  equal  to  those  from  cylin- 
drical hoops.  For  full  report  of  the  operations  at  these  works  during 
the  past  year,  see  Appendix  23. 

At  the  Cambria  Iron  Works  the  Department  has  had  a  lot  of  twenty 
steel  hoops  under  manufacture  since  September  15,  1885.  In  this, 
their  first  attempt  at  the  production  of  steel-gun  forgings,  the  Cambria 
Works  have  encountered  many  obstacles,  particularly  so  as  the  hoops  are 
of  considerable  size  and  the  specified  qualities  for  the  metal  very  high. 
Bat  they  are  steadily  completing  their  contract  and  fully  meeting  its 
requirements  in  spite  of  difficulties.  A  good  part  of  the  hoops  have 
been  delivered,  and  the  remainder  are  in  a  forward  state  of  completion* 
This  establishment  has  also  in  hand  for  the  Department  a  set  of  forg- 
ings for  a  7-inch  B.  L.  rifled  howitzer,  which  will  give  them  an  oppor- 
tanity  for  acquiring  exi>erience  in  the  production  of  steel  tubes  and 
forged  trunnion  hoops.  A  full  report  of  the  operations  at  the  Cambria 
Works  during  the  past  year,  with  an  exhibit  of  the  results  obtained 
6om  the  10-inch  rifle  hoops  is  given  in  Appendix  24. 
The  status  of  the  steel  works  which  have  thus  far  undertaken  the 
ivodaction  of  gun  steel  is  to-day  about  as  follows :  There  is  one  estab- 
^ment  able,  with  present  facilities,  to  produce  all  the  forgings,  and 
<^f  the  required  qualities,  for  a  steel  gun  of  8  inches  caliber,  and  hoops 
<^dl  sizeA  except  the  very  largest  and  heaviest,  and  the  breech  mech- 
minn  and  smaller  forgings  for  all  calibers.    There  are  two  establish- 
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War  Department,  Ordnance  Office, 

Washington^  October  1, 1886. 
Snt :  I  have  the  honor  to  submit  the  following  report  of  the  principal 
operations  of  the  Ordnance  Department  during  the  fiscal  year  ended 
Jane  30,  1886,  with  such  remarks  and  recommendations  as  the  interests 
of  this  branch  of  the  military  service  seem  to  require. 

The  fiscal  resources  and  expenditures  of  the  Department  during  the 
year  were  as  follows,  viz  : 

Amoont  in  the  Treasury  to  the  credit  of  the  appropriations  on  June 
30,1885 $532,603  98 

Amount  in  the  Treasury  not  reported  to  the  credit  of  the  appropriations 
on  June  30, 18K> 6,819  21 

Amount  in  Government  depositories  to  the  credit  of  disbursing  officers 
and  others  on  June  30, 1885 233,565  74 

Amount  of  appropriations  for  the  service  of  the  fiscal  year  ended  June 

30.  1886 1,931,525  20 

Amount  refunded  to  ordnance  appropriations  in  settlement  of  accounts 

during  the  year  ended  June  30,  1886 11,059  99 

Gfoes  amount  received  during  the  fiscal  year  ended  June  30,  1886,  from 
■ales  to  officers ;  from  rents ;  from  collections  from  troops  on  account 
of  losses  of,  or  damage  to,  ordnance  stores;  from  Chicago,  Bock 
IsUudd  and  Pacific  Railroad  Company ;  from  powder  and  projectiles 
(pzooeeds  of  sales);  from  sales  of  condemned  stores;  frt)m  testing 
machine,  and  from  all  other  sources  not  before  mentioned 66, 541  93 

Total 2,782,205  99 

Amount  of  expenditures  during  the  fiscal  year  ended  June  30,  1886,  in- 
eluding  expenses  attending  sales  of  condemned  stores,  powder,  and 
projectiles,  &c 1,896,862  92 

Amount  deposited  in  Treasury  during  the  fiscal  year  ended  June  30, 
1866,  as  proceeds  of  sales  of  Government  property 43,687  10 

Amount  transferred  from  ordnance  appropriations  in  settlement  of  ac- 
eounts  during  the  fiscal  year  ended  June  30,  1886 2,556  99 

Amount  turned  in  to  the  surplus  fund  on  June  30, 1886 65,662  26 

Amount  in  Government  depositories  to  the  credit  of  disbursing  officers 
and  others  on  June  30, 1886 226,835  90 

Amount  in  the  Treasury  not  reported  to  the  credit  of  appropriations 
on  June  30, 1886 4,257  70 

AJBOont  in  the  Treasury  to  the  credit  of  appropriations  on  June  30, 1886.        542,343  12 

TotiJ 2,782,206  99 
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STATIONS  AND  DUTIES. 

The  stations  and  duties  of  the  officers  of  the  OrdDanee  Department 
are  as  follows :  Foar  at  the  Ordnance  Office ;  thirty-nine  at  the  arsenals, 
armory,  and  powder  depots ;  nine  on  the  Ordnance  Board  and  at  the 
foundries ;  six  at  the  several  military  headqaarters  and  ordnance  depots ; 
four  at  the  Military  Academy ;  one  under  the  orders  of  the  Secretary 
the  Interior ;  one  in  the  Life-Saving  Service,  under  the  Secretary  of  the 
Treasury. 

The  Ordnance  Department  provides  the  armament  for  our  sea-coast 
defenses,  and  arms  and  other  ordnance  stores  for  the  Army,  the  militia, 
the  Marine  Corps,  all  other  Executive  Departments  to  protect  public 
money  and  property,  and  the  forty  colleges  authorized  by  law  to  receive 
them  for  instruction. 

S^tALLARMS. 

During  the  liscal  year  ended  June  30, 1886, 39,527  rifles,  carbines,  and 
shotguns  have  been  manufactured  at  the  National  Armory.  Eepairing 
arms,  providing  spare  parts,  making  swoi*ds,  sabers,  and  miscellaneous 
articles  must  be  mentioned  as  among  its  operations. 

The  Lee,  Chaffee-Beece,  and  Hotchkiss  magazine  rifles  had  been  in 
the  hands  of  troops  for  trial  during  the  previous  year.  In  December 
last  the  reports  of  their  trial  having  been  received  and  properly  tabu- 
lated and  digested,  (Appendix  35),  the  following  report  was  made  by 
this  Office  to  the  honorable  Secretary  of  War : 

Ordnance  Office,  War  DEPARTitENT, 

Washington  J  D.  C,  December  15,  1885. 
The  honorable  the  Secretary  of  War  : 

Sir:  I  have  the  honor  to  transmit  herewith  a  tabular  statement  of  the  reeolte 
reached  in  the  trial  of  a  number  of  each  of  the  magazine  rifles  issued  to  the  troops. 
These  guns — the  Lee,  Chaffee-Reece,  and  Hotchkiss — were  recommended  for  trial,  in 
the  order  named,  by  a  board  of  officers  convened  in  1881  under  authority  of  law,  and 
were  distributed  to  the  Army  for  the  purpose  by  the  Lieutenant-Oeneral  of  the  Axmy. 

The  reports  from  149  companies  have  been  received,  examined  and  tabulated,  and 
the  results  are  as  follows : 

Comparing  the  three  magazine  guns  with  each  other  the  reports  are : 

For  the  Lee  55,  Chaffee-Reece  14,  Hotchkiss  26.  As  magazine  guns  therefore  the 
reports  are  largely  in  favor  of  the  Lee. 

Comparing  the  magazine  guns  with  each  other  and  with  the  Springfield  service 
rifle  as  tingle  UxiderSf  the  preference  is  for  the  Springfield,  as  fbUows:  For  the  Lee  &, 
Chaffee-Reece  0,  Hotchkiss  1,  Springfield  21. 

Comparing  the  magazine  guns  and  the  Springfield  for  oZZ  naee,  the  preference  is  for 
the  Lee  10,  Chaffee-Reece  3,  Hotchkiss  4,  and  the  Springfield  46— being  largely  in 
favor  of  the  Springfield. 

In  the  column  of  objections  in  the  tabular  statement,  will  be  found  a  brief  of  the 
objections  given  in  each  report. 

After  a  careful  consideration  of  these  reports,  I  am  satisfied  that  neither  of  these 
magazine  gnus  should  be  adopted  and  snbstitnted  for  the  Springfield  rifle  as  the  arm 
for  the  service. 
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I  have  been  and  am  an  advooate  for  a  magazine  gnn,  bnt  it  wonld  seem  the  part  of 
wiedom  to  postpone  for  the  present  any  farther  efforts  towards  the  adoption  of  a  suit- 
able magazine  arm  for  the  service.  The  Springfield  rifle  gives  such  general  satisfaction 
to  the  Army  that  we  can  safely  wait  a  reasonable  time  for  farther  developments  of 
magazine  systems. 

Very  respectfally,  yoar  obedient  servant, 

S.  V.  BENfiT, 
Brigadier-General,  Chief  of  Ordnanee. 

The  1,000  rod-bayonet  rifles,  new  model,  and  improved  sights,  which 
have  been  issued  are  still  under  trial  by  the  troops. 

METALLIC  AMMUNITION. 

The  attention  of  the  Department  having  been  called  to  the  occasional 
inaccurate  shooting  of  the  carbine  cartridge  through  Lieut.  Frank  Baker, 
the  officer  in  charge  of  the  proof  of  ammunition  at  the  Frankford  Ar- 
senal, a  series  of  trials  was  ordered  with  a  view  to  discover  and  correct 
the  cause  of  the  inaccuracy.  An  exhaustive  report  on  the  subject  pre- 
pared by  that  officer  (Appendix  34)  has  led  to  the  omission  of  the  wads 
from  future  manufacture.  Provision  has  been  made  to  meet  the  changes 
required  in  both  bench  and  hand  reloading  tools  for  reloading  this  am- 
munition. 

The  Morse  cartridge,  which  has  been  under  consideration  by  the  De- 
partment for  a  number  of  years,  has  recently  been  so  far  perfected 
through  the  efforts  of  Mr.  Morse  that  it  has  been  decided  to  issue  a 
number  for  trial  with  the  troops.  The  manufacture  of  a  suitable  num- 
ber for  this  purpose  is  now  in  progress  at  the  Frankford  Arsenal  and 
they  will  be  ready  for  issue  at  an  early  date. 

During  the  past  year  forty-eight  sets  of  bench  reloading  tools  for  me- 
tallic ammunition  have  been  issued  to  posts,  comprising  all  those  of  five 
or  more  companies  and  including  eight  posts  of  four  or  a  less  number 
of  companies. 

BIFLE  PRACTICE. 

The  gold  and  silver  medals  offered  as  rewards  for  successful  marks- 
manship in  the  annual  department  and  division  rifle  contests  have,  as 
usual,  been  issued  to  the  different  headquarters  in  advance  of  the  date 
of  the  contests,  thus  insuring  their  formal  presentation  to  the  fortunate 
competitors  at  the  flrst  parade  after  the  conclusion  of  the  competition. 

During  the  year  the  new  skirmish  targets  prescribed  by  Blunt's 
^^  Bifle  and  Carbine  Firing  "  have  been  manufactured  at  the  Bock  Island 
Arsenal  and  supplied  to  the  Army.  They  have  been  very  generally 
approved  and  are  so  carefully  made  that  they  will  probably  meet  all 
requirements  in  this  respect  for  several  years  to  come. 

In  consequence  of  the  growing  interest  taken  by  the  Army  in  rifle 
firing  and  the  more  general  belief  as  to  its  great  importance  and  neces- 
sity which  is  now  prevalent,  the  demand  upon  this  Department  for  the 
different  materials  requisite  for  practice  has  greatly  increased.    The 
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work  of  manufacture  has,  however,  beeu  so  systematized  that  the  De- 
partment has  been  able  to  promptly  meet  all  demands  and  ftimish 
liberal  sapplies,  and  as  a  consequence  the  rifle  ranges  at  the  different 
posts  are  now  better  equipped  generally  than  at  any  previous  time. 

There  is  little  doubt  that  at  the  present  time  the  facilities  offered  to 
the  soldiers  of  our  Army  are  greater  and  more  perfect  than  those  en- 
joyed by  other  armies,  and  the  result  of  having  practically  an  army  of 
marksmen  is  due  in  a  great  degree  to  this  liberal  supply  of  all  the  ma- 
terial for  this  most  important  element  of  the  soldier's  education — the 
effective  use  of  his  rifle. 

THE  MILITIA. 

At  the  last  session  of  Congress  a  bill  increasing  the  annual  appro- 
priation for  arming  and  equipping  the  militia  to  $600,000  passed  the 
Senate,  and  is  now  pending  in  the  House  with  an  amendment  fixing 
the  amount  at  $400,000.  This  matter  has  been  so  often  brought  to  the 
attention  of  Congress  that  the  reiteration  of  the  obvious  reasons  in 
favor  of  a  more  liberal  appropriation  is  unnecessary.  It  is  hoped  that 
the  bill  now  pending,  with  or  without  amendment,  may  become  a  law. 

ABMOB  PLATE  EXPERIMENTS  AT  SPEZIA. 

The  necessary  permission  having  been  obtained  from  the  Italian 
Government  for  representatives  of  the  United  States  Government  to  be 
present  at  the  trials,  to  take  place  at  Spezia,  of  Gruson's  chilled  iron 
armor  under  the  fire  of  the  100-ton  gun,  Capt.  D.  A.  Lyle,  Ordnance 
Department,  was  on  the  recommendation  of  this  of&ce,  directed  by  the 
War  Department  to  proceed  to  that  place  to  witness  the  trials.  These 
highly  important  trials  occurred  during  the  spring,  and  resulted  in  a 
success  for  the  chilled  iron  armor  against  the  forged  steel  projectiles 
from  the  100-ton  gun.  Captain  Lyle  has  submitted  to  the  Department  an 
interesting  report  on  the  trials,  which  will  be  published  at  an  early  day. 

APPEOPEIATIONS. 

The  aggregate  amount  appropriated  for  the  past  fiscal  year  under  the 
heading  ^^  Ordnance,  Ordnance  Stores,  Ac,"  was  $400,000,  and  for  some 
of  the  objects  specified  the  amounts  were  found  to  be  insufficient.  The 
aggregate  amount  appropriated  under  this  head  for  the  present  fiscal 
year  is  only  $255,000 — a  reduction  of  about  40  per  cent,  from  last  year. 
I  have  stated  in  the  estimates  submitted  for  the  next  year  that  this  sum 
is  wholly  inadequate,  and  needed  work  and  manufEtctures  cannot  be 
undertaken  in  consequence. 

PEOCUEING  SUPPLIES. 

Section  3709,  Revised  Statutes,  requires  ail  supplies  to  be  procured 
after  due  advertisement  and  competitive  bidding.  This  law  enacted  in 
1861,  when  the  contracts  and  purchases  were  of  great  magnitude,  had 


REPORT  OF   THE  CHIEF   OF  ORDNANCE.  7 

the&  and  still  has  a  good  effect  in  seooring  a  healthy  competitioii  among 
bidders  and  in  insuring  to  the  United  States  the  needed  supplies  at  fair 
prices,  when  the  porchases  are  of  any  considerable  amount.  Bat  there 
are  many  cases  constantly  occurring  at  our  manufacturing  establish- 
ments where  small  supplies  are  required,  and  where  the  expense  of 
advertising  largely  exceeds,  in  some  instances,  the  value  of  the  pur- 
chases, to  say  nothing  of  the  additional  loss  by  the  consequent  delay 
in  this  mode  of  purchase.  I  refer  now  to  the  minor  incidentals,  the 
necessity  for  which  cannot  be  economically  anticipated. 

To  meet  such  cases,  and  in  the  interest  of  a  true  public  economy  I 
would  recommend  that  section  3709,  Bevised  Statutes,  be  amended  by 
inserting  after  the  word  ^^ services"  on  the  first  line  the  words  '^in  ex- 
cess of  one  hundred  dollars,"  so  that  the  section  shall  then  read : 

Sbc.  3709.  All  porcliases  and  oontraots  for  supplies  or  services  in  exoe$9  of  one  Kun" 
Sred  doUarBf  in  any  of  the  Departments  of  the  Government,  except  for  personal  serv- 
iceSy  shall  be  made  by  advertising  a  sofflcient  time  previously  for  proposals  respecting 
the  same,  when  the  public  exigencies  do  not  require  the  immediate  delivery  of  the 
articles,  or  performance  of  the  service.  When  immediate  delivery  or  performance  is 
required  by  the  public  exigency,  the  articles  or  service  required  may  be  procured  by 
open  purchase  or  contract,  at  the  places  and  in  the  manner  in  which  such  articles  are 
usually  bought  and  sold,  or  such  services  engaged,  between  individuals. 

Existing  law  permits  the  Interior  Department  to  make  purchases  in 
open  market  to  the  amount  of  $500. 

THE  ARMAMENT  OF  FOBTEPIOATIONS. 

The  Board  on  Fortifications  or  other  Defenses  appointed  under  the 
act  of  March  3, 1885,  rendered  its  report  to  Oongress  on  the  23d  day  of 
January  last.  That  report  gives  an  exhaustive  survey  of  the  subjects 
that  came  within  the  province  of  the  Board,  and  closes  with  clear,  defi- 
nite, and  practical  recommendations,  accompanied  by  estimates,  which 
should  they  meet  with  favorable  action  from  Oongress,  would  result  in 
placing  our  principal  ports  in  a  secure  state  of  defense,  and  in  insuring 
the  production  within  our  own  borders,  at  an  early  day,  of  the  steel 
forgings  requisite  for  the  construction  of  the  heaviest  armor  and  guns. 

The  report  indorses  the  recommendation  of  the  Gun  Foundry  Board 
touching  the  establishment  by  the  Government  of  two  gun  factories,  one 
for  the  Army  and  the  other  for  the  Navy ;  and  Congress  also  by  legis- 
lation at  its  last  session,  in  enabling  the  Navy  Department  to  begin  the 
establishment  of  such  a  factory  at  the  Washington  navy -yard,  prac- 
tically endorsed,  and  gave  efiect  to  that  recommendation.  A  bill  em- 
bracing similar  provisions  with  respect  to  the  establishment  of  an  Army 
gun  factory  at  the  Frankford  Arsenal  was  indeed  passed  last  session 
by  the  Senate,  but  failed  to  obtain  the  concurrence  of  the  House,  and 
still  remains  in  conference.  Under  one  provision  of  that  bill  $400,000 
were  appropriated  for  completing  and  testing  the  guns  which  the  De- 
partment has  now  under  construction,  for  procuring  guns,  carriages, 
powders,  projectiles,  &c.,  and  '^for  the  purchase,  manufacture,  and 
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erection  of  the  necessary  tools  and  machinery  for  the  finishing  and  as- 
sembling of  heavy  ordnance  at  the  Frankford  Arsenal,  Philadelphia, 
Pa."  By  still  another  provision  $6,000,000  were  appropriated,  to  be 
available  for  a  period  of  six  years  firom  the  date  of  contract,  for  the 
porchase  of  roagh-bored,  turned,  and  tempered  steel  forgings,  soitable 
fyr  heavy  ordnance,  adapted  to  modem  warfEure, — the  amoant  appro- 
priated to  be  divided  equally  between  the  Army  and  Navy.  The  feat, 
nres  of  this  bill  as  a  whole  are  jadidons  and  well  devised,  except  that 
the  very  important  question  of  fortifications  is  wholly  ignored.  But  no 
doubt  great  good  would  have  resulted  from  the  passage  of  the  bill  in  its 
present  shape  by  Congress.  The  want  of  machine  shops  under  its  own 
control,  fully  adequate  to  the  manufEusture  of  type  guns  of  various  cali- 
bers, has  been  a  great  obstacle  to  the  Department  in  its  experimental 
work  and  in  the  coustructional  development  of  heavy  guns.  Under  the 
provisions  of  this  bill  a  start  would  have  been  made  in  the  right  direc- 
tion, by  laying  at  least  the  foundation  of  a  gun  factory  at  the  Frankford 
Arsenal,  and  which  under  a  fostering  legislation  would  be  added  to 
from  year  to  year.  Thus  the  eflTect  of  the  annual  appropriations  would 
be  cumulative,  aiul  the  Department  would  ultimately  possess  a  fully 
equipped  and  organized  factory,  capable  of  producing  both  type  guns 
and,  in  limited  supply,  the  guns  for  issue  to  the  service.  The  advan- 
tages accruing  to  the  Government  from  establishments  of  its  own  have 
been  so  fully  and  forcibly  i)resented  in  the  rei>brt  of  the  Gun  Foundry 
Board  as  to  require  no  reiteration  or  enlargement  here.  It  will  suffice 
to  say  that  an  Army  gun  factory  is  a  great  want,  and  it  is  most  earnestly 
recommended  that  Congress  take  such  action  at  its  next  session  as  will 
place  the  Department  on,  at  least,  an  equal  footing  with  the  Kavy  in 
respect  to  such  an  establishment.  The  appropriation  of  $6,000,000  for 
steel  forgings  is  perhaps  scarcely  sufficient  to  arouse  much  competition 
among  steel  makers,  but  it  would  doubtless  prove  a  healthful  stimulus 
to  those  manufacturers  who  are  now  engaged  in  supplying  the  Govern- 
ment with  gun  forgings.    The  amount  recommended  by  the  Board  on 

• 

Fortifications  or  other  Defenses  for  gun  metal  for  the  first  year  alone 
was  $8,000,000,  while  for  inaugurating  the  production  of  armor  plates, 
laying  the  foundations  for  fortifications,  manufacturing  gun  carriages^ 
submarine  mines,  torpedo  boats  was  $13,500,000,  ma^ng  the  total 
amount  recommended  for  the  first  year  $21,500,000.  In  these  recom- 
mendations of  the  Board  this  Departmeet  fully  concurs. 

Through  the  failure  of  the  regular  fortifications  appropriation  bill  to 
become  a  law  at  the  last  session  of  Congress,  serious  injury  has  been 
sustained  by  the  Department,  and  its  operations  as  regards  the  arma- 
ment for  fortifications,  for  the  fiscal  year  1886-^87,  such  as  the  comple- 
tion and  test  of  the  experimental  guns  under  construction,  the  further 
development  of  powders  and  explosives,  and  the  alterations  of  carriages 
for  mounting  existing  guns  have  practically  ceased,  except  in  so  fiur 
that  work  is  continued  over  from  last  year  by  existing  contracts. 
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And  uot  only  has  the  work  come  to  a  standstill,  of  itself  a  great  evil, 
bat  the  personnel  of  the  Department,  employed  on  the  work,  has  been 
almost  entirely  discharged.  The  force  of  civilians  employed  at  the 
proving  ground,  cousisting  of  men  of  long  experience  in  handling  guns 
and  explosives,  and  doing  the  technical  work  iu  connection  with  an 
ordnance  proving  ground,  has  been  lost  to  the  Department,  aud  the 
operations  now  practicable  at  that  point  must  be  carried  on  by  means 
of  enlisted  men  taken  from  the  arsenals,  who  will  require  very  consider- 
able instruction  aud  practice  to  tit  them  for  the  proper  discharge  of 
their  new  duties. 

At  the  Watertown  Arsenal,  where  the  Department  has  had  under  con. 
struction  the  experimental  10-inch  wire  guns,  the  alteration  of  sea-coast 
carriages,  aud  the  manufacture  of  gun-sights  and  other  supplies  pertain, 
ing  to  the  armament  of  forts,  work  has  practically  ceased,  and  the  large 
force  of  skilled  men  has  been  discharged.  The  expense  and  labor  at 
tending  the  recommencement  of  work,  like  the  installation  of  new  work, 
is  very  considerable,  and  is  made  apparent  in  the  increased  cost  of  the 
articles  produced.  The  difficulty  also  of  getting  skilled  men  for  such 
technical  work,  of  organizing,  of  instructing,  of  getting  the  right  man 
in  the  right  place,  and  of  determining  the  best  and  cheapest  manner 
of  doing  the  work — all  matters  of  great  moment — has  to  be  again  en- 
oonntered  and  .overcome  after  a  period  of  enforced  idleness.  But  the 
difficulty  of  procuring  good  men,  when  work  is  resumed,  becomes  more 
difficult  than  ever,  from  the  feeling  of  uncertainty  regarding  the  perma- 
nency of  their  employment. 

The  interruption  of  the  work  in  hand  has  proved  a  source  of  great 
discouragement,  nevertheless  every  effort  has  been  continued  to  perfect 
the  plans  of  the  Department  and  to  maintain  the  well-reputed  interest 
and  ability  of  its  officers  on  these  subjects,  under  the  hope,  which  is  be- 
lieved to  be  well  grounded,  that  this  embarrassment  is  but  temporary. 

Following  is  a  brief  summary  of  the  present  condition  of  the  work, 
and  of  the  results  obtained  in  experimental  trials  during  the  year. 

JBxperimental  12'inch  B.  L.  Rifle,  cast  iron. 

The  trial  of  this  gun  has  been  continued  during  the  past  year,  under 
the  supervision  of  the  Board  for  Testing  Rifled  Cannon,  &c.,  who  have 
submitted  a  progressive  report  (Appendix  10).  The  total  number  of 
rounds  thus  far  fired  is  137 ;  of  which  number  123  have  been  with  the 
full  charge  of  265  pounds  of  powder,  and  79  rounds  with  an  800-pound 
projectile.  The  mean  pressure  for  one  hundred  observations  has  been 
27,998  pounds  per  square  inch  of  powder  chamber,  aud  the  maximum 
pressure  registered  iu  any  single  round  34,400  pounds  per  square 
inch.  This  statement  of  course  discredits  the  result  obtained  in  the 
5th  round,  where  47,250  pounds  pressure  per  square  inch  was  regis- 
tered.   But  as  in  that  round  only  the  light  charge  of  150  pounds  hex- 
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agonal  powder,  with  a  700-poand  projectile,  was  employed,  and  the 
velocity  obtained  was  bat  65  feet  greater  than  in  the  preceding  roond, 
where  with  the  same  charge  of  powder,  thongh  fired  ander  a  somewhat 
less  density  of  loading,  only  24,600  pounds  pressure  was  registered,  it 
is  clear  that  in  this  instance  the  indication  of  the  gauge  was  erroneous. 
All  the  preceding  rounds  fired  confirm  this  conclusion.  The  record  was 
at  the  time  reported  as  being  unreliable  from  the  fact  that  the  gauge 
was  displaced  in  firing,  from  want  of  a  solid  support.  The  different  lots 
of  brown  x>owder  tested  have  shown  some  variation  from  one  another 
with  respect  to  velocity  and  pressure ;  but  limiting  the  pressure  to  about 
28,000  pounds  per  square  inch,  as  the  highest  safe  limit  for  cast  iron,  the 
muzzle  velocity  for  an  800-pound  projectile  will  probably  uot  average 
above  1,750  feet  even  with  the  exercise  of  the  greatest  care  in  the  manu- 
facture of  the  x>owder.  The  total  energy  thus  imparted  to  the  projectile 
is  about  the  same  as  would  be  obtained  from  a  full  power  10^-iuch  steel 
Tifle,  the  weight  of  which  is  21.5  tons  less  than  that  of  this  12  inch  cast- 
iron  gun. 

At  the  50th  round  erosions  were  observed  in  the  bore,  which  increased 
in  number  and  in  gravity  of  character  as  the  firing  progressed.  At  the 
137th  round  the  erosion  had  become  so  pronounced  along  the  front  slope 
of  the  powder  chamber  and  in  the  shot  recess  that  the  Board  decided  to 
discontinue  the  firing,  believing  the  gun  to  be  unsafe  (Appendix  10). 
It  is  thought  that  by  means  of  a  lining  tube,  inserted  either  at  the  out- 
set or  after  the  bore  has  begun  to  suffer  from  erosion,  the  life-time  of 
such  a  gun  would  be  prolonged ;  but  the  Department  has  now  partly 
completed  a  12-inch  cast  iron  gun,  to  be  lined  with  a  steel  tube,  and  it  is 
thought  expedient  to  await  it»  trial  before  lining  the  present  12-inch  gun. 
It  is  well  understood  that  erosion  of  the  bore  is  one  of  the  chief  sources 
of  deterioration  in  modern  guns  firing  heavy  charges,  and  that  its  action 
is  so  energetic  that  a  renewing,  by  some  means,  of  the  surface  of  the 
bore  is  necessitated  after  a  comparatively  small  number  of  rounds  have 
been  fired.  The  larger  the  powder  charge  and  the  higher  the  press- 
ures exerted  by  the  gases,  the  more  aggravated  will  be  the  effects 
from  erosion  ;  while,  on  the  other  hand,  those  effects  will  be  diminished 
as  the  bore  is  straight,  or  free  from  slopes  or  shoulders  that  obstruct  the 
free  passage  of  gas,  and  as  the  metal  of  the  bore  is  dense,  smooth  and 
infusible.  In  the  latter  respects,  steel  has  obvious  advantages  over 
cast  iron;  but  there  are  also,  great  differences  between  different  grades 
of  steel.  The  erosion  of  the  12.inch  cast-iron  gun,  after  the  I37th  round, 
is  well  shown  by  the  photographs  aer«>ini)iinyiiiL^  the  report  of  the 
Board.     (Appendix  10.) 

The  trial  of  the  12-iuch  oast-iron  gun,  tubed  with  steel  should  furnish 
useful  information  with  respect  to  the  limit  of  endurance  that  may  be 
attained  with  cast-iron  guns,  when  thus  pi  oteoted  against  the  destructive 
effects  of  erosion. 
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JBaperimetUal  124nchB,  L,  Rifles. — Oast-iron  tubed  with  steel;  oast-iron 

hooped  and  tubed  with  steel. 

The  contracts  for  the  mannfacture  of  the  above  guns,  although  ex- 
tended about  one  year  in  each  case,  were  not  completed  by  June  30, 
1886,  the  end  of  the  fiscal  year,  at  which  time  the  appropriations  made 
under  the  act  of  March  3, 1883,  and  applicable  to  their  manufacture, 
expired  by  limitation  of  law.  Accordingly  a  fresh  appropriation  is  now 
necessary  in  order  to  complete  the  guns,  and  a  provision  to  that  effect 
was  made  a  clause  of  the  fortifications  bill  at  the  last  session  of  Congress, 
but  failed,  with  the  fortifications  bill,  to  become  a  law.  The  present 
stage  of  progress  on  the  guns  is  as  follows : 

The  12-inch  £.  L.  rifle,  hooped  and  tubed,  has  been  assembled,  and 
the  breech  mechanism  is  ready  to  be  fitted,  so  that  there  remains  in 
order  to  complete  the  gun  only  the  finishing  of  bore  and  exterior  of 
chase,  and  the  rifling.  The  body  for  the  12-inch  B.  L.  rifle,  tubed,  hav- 
ing been  successfully  cast  at  the  fourth  trial,  is  now  rough  bored  and 
turned,  and  counter  bored  for  receiving  its  tube ;  the  tube'  is  rough 
turned  and  the  breech  mechanism  is  in  readiness  to  be  fitted  to  the 
gun.  Should  Congress  reconsider  its  action  on  the  fortifications  bill  for 
the  year  1886-'87,  this  coming  winter,  and  appropriate  the  necessary 
money,  it  will  be  p|;acticable  to  complete  both  guns  within  the  present 
fiscal  year. 

Experimental  124nch  M.  L.  Rifled  Mortar ^  ca^t-iron  steel-hooped. 

The  trial  of  this  piece  has  been  in  progress,  under  the  supervision  of 
the  Board  for  Testing  Eifled  Cannon,  &c.,  since  July,  1885,  and  a  progress 
report  is  contained  in  Appendix  11.  The  full  charge  for  the  mortar  was 
fixed  at  52  pounds  and  the  weight  of  the  charged  shell  610  pounds. 
With  full  and  half  charges  the  velocity  and  pressures  were  as  follows : 


Kind  of  powder. 

Charge.- 

Shell. 

Velocity. 

Preerare. 

o.  v 

Fowndt, 
52 
26 

Pounds. 
610 
610 

908 
663 

P(mnda. 
26,880 

M.   V -       rr 

11,020 

The  following  ranges  were  obtained  with  full  and  half  charges : 


Kind  of  powder. 

9 

Cbarge. 

SlielL 

Eleva- 
tion. 

Bange. 

Approxi- 
mate 

time  of 
flight 

M.  V \ 

Pounds. 

26 
26 
52 
52 
52 

^Pounds. 
610 
610 
610 
610 
610 

Degrses. 
60 

28 
60 
28 
45 

Yards. 
3.366 
8,476 
6,992 
7,252 
7,983 

MUes. 
1.91 
1.97 
8.97 
4.1 
4.58 

Sseonds. 
8&0 

O.  V \ 

19.1 
50.6 

^                                                          * 
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The  computed  height  of  trajectory^  for  a  projectile  of  610  poauds  hav- 
ing a  mazzle  velocity  of  1,000  feet,  and  fired  at  au  elevation  of  60  de- 
grees, is  3,197  yards ;  angle  of  fall  about  67  dec:rees,  velocity  at  impact 
787  feet,  and  the  penetration  in  iron  8  inches  under  normal  impact. 

With  regard  to  accuracy  of  fire,  some  of  the  targets  made  are  excellent, 
fully  equalling  the  best  results  attained  abroad  with  sea-coast  B.  L.  mor- 
tars, but  there  is  a  very  considerable  want  of  uniformity.  On  the  other 
hand,  it  may  be  remarked  that  the  published  records  of  firings  made 
with  B.  L.  mortars  abroad  are  not  as  full  and  complete  as  could  be  de- 
sired for  purposes  of  comparison.  In  order  therefore  to  determine  by 
careful  and  extensive  trial  the  relative  merits,  as  regards  accuracy  of 
fire,  of  muzzle-loading  and  breech-loading  mortars,  the  Department  has 
placed  under  fabrication  a  12-inch  B.  L.  mortar  of  cast-iron,  hooped 
with  steel,  similar  to  the  present  M.  L.  mortar,  except  as  to  such  details 
of  chambering,  rifling  and  type  of  projectile  as  are  peculiar  to  breech- 
loading  systems.  The  body  for  this  mortar  has  been  cast  at  the  (South 
Boston  Iron  Works,  and  is  nearly  ready  for  the  hoops.  The  hoops  and 
forgings  for  breech  mechanism,  are  being  made  at  the  Midvale  Steel 
Works,  and  will  soon  be  completed.  The  trials  of  the  12-inch  M.  L. 
mortar  have  also  demonstrated  the  necessity  of  using  a  sabot  made 
with  great  care  and  possessing  the  necessary  degree  of  sensitiveness, 
which  are  certainly  objection jible  features  for  service,  and  which  do  not 
obtain  with  the  breech-loading  system.  It  is  even  possible  that,  to 
obtain  the  maximum  of  efficiency  with  M.  L.  mortars,  sabots  of  differ- 
ent degrees  of  sensibility  are  a  necessity.  The  target  records  with  the 
12-inch  M.  L.  mortar  are  given  in  the  report  of  the  Board.  (Appendix 
11.) 

With  regard  to  endurance,  the  mortar  has  been  fired  thus  far  about 
400  rounds.  The  star-gauging  after  the  last  round  shows  no  material  en- 
largement of  the  bore,  and  the  piece  is  apparently  in  as  good  condition 
as  ever.  The  construction  is  therefore  abundantly  strong.  The  rapidity 
of  fire  has  been  from  7  to  8.5  rounds  per  hour,  which  has  included  the 
placing  and  renewing  of  a  loading  platform  at  each  fire, — an  inconve- 
nience that  would  not  occur  in  actual  service,  as  a  permanent  banquette 
would  be  provided. 

The  shells  for  the  mortar  are  designed  for  use  with  the  Hotchkiss 
base  fuze,  but  no  trials  have  as  yet  been  made  to  test  either  the  action 
of  the  fuze  or  the  effect  of  explosion  of  the  charged  shelL 

The  endurance  test  of  the  mortar  will  be  continued  up  to  500  rounds, 
and  some  further  modification  or  form  of  sabot  will  be  tried  with  the 
object  of  improving  the  accuracy  of  fire. 

Experimental  lO-inch  B.  L,  Rifles. — Ca«^tron,  wire-wrapped;  steely  wire- 
wrapped. 

These  guns  were  under  manufacture  at  the  Watertown  Arsenal.  The 
east-iron  gun  is  well  along  towards  completion.    There  only  remains  to 
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be  applied  four  layers  of  wire,  after  which  the  gun  is  to  be  finished  on 
the  oatside,  .finished  "bored  and  rifled,  and  the  recess  for  the  breech 
block  threaded.  A  very  interesting  and  able  progress  report  on  the 
fabrication  of  this  gun  has  been  submitted  by  Lieut.  William  Crozier, 
Ordnance  Department.  (Appendix  25.)  The  work  on  the  gun  has 
been  stopped  owing  to  the  failure  of  Congress,  at  its  last  session,  to 
make  the  necessary  appropriation  for  continuing  it. 

Progress  towards  completing  the  10-inch  wire  steel  gnu  has  been 
slow,  owing  mamly  to  the  novelty  and  manifold  detail  of  the  construc- 
tion. This  gun  is  still  in  a  very  backward  state,  that  stage  not  having 
yet  been  reached  in  which  the  various  parts  are  being  finished  for 
assemblage.  Work  has  ceased  on  this  gun  also,  for  the  same  reason 
as  the  above. 

Experimental  lO-inch  B.  L.  Rifle^  steel-hooped. 

The  tube,  jacket  and  trunnion  hoop  for  this  gun  were  ordered  from 
Sir  J.  Whitworth  &  Co.,  and  the  hoops  principally  from  the  Cambria 
Iron  Works,  though  the  chase  hoops,  with  the  breech  mechanism  forg- 
ings  are  being  manufactured  by  the  Midvale  Steel  Company.  Progress 
in  the  manufacture  of  hoops  at  the  Cambria  Works  has  been  slow,  but 
the  results  obtained  have  been  very  gratifying,  fully  conforming  to  the 
high  requirements  specfied  in  the  contract ;  and  it  should  be  remem- 
berrd  that  this  is  the  first  effort  made  by  this  company  in  the  produc- 
tion of  gun  steel.  The  delay  in  completing  this  gun  will  be  more  di- 
rectly chargeable  to  a  failure  to  secure  prompt  delivery  of  suitable  tube 
and  jacket  forgings. 

Experimental  S-inch  B.  £.  Rifle^  steel. 

This  gun  was  completed  the  last  of  June,  1886,  and  sent  to  the  prov- 
ing ground  for  trial.  The  tube  and  jacket  were  procured  from  Sir  J. 
Whitworth  &  Co.,  the  hoops  and  the  forgings  for  breech  mechanism 
from  the  Midvale  Steel  Company.  The  gun  has  a  total  length  of  21.5 
feet,  with  30  calibers  length  of  bore,  and  weighs  13  tons ;  the  hooping 
extends  over  the  breech  and  part  of  the  chase,  stopping  at  91  inches 
firom  the  muzzle.  (For  description  of  gun  and  manufacture  see  Ap- 
pendixes 17  and  18.)  The  proposed  powder  charge  was  100  pounds, 
and  the  projectile  285  pounds,  of  Si  calibers  length,  with  which  it  was 
expected  to  realize  a  velocity  of  1,825  feet  without  exceeding  a  pressure 
of  16  tons — 36,000  pounds — per  square  inch  in  the  powder  chamber* 
(See  Appendix  33,  Beport  of  the  Chief  of  Ordnance,  1885.)  The  gun 
has  been  fired,  under  the  supervision  of  the  Ordnance  Board,  24  rounds, 
the  firings  thus  far  having  been  mainly  for  the  purpose  of  determining 
a  suitable  grade  of  powder  and  the  best  width  of  forcing  band  for  the 
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projectile.    Following  are  some  representative  results,  nsing  brown 
prismatic  powder : 


Kind  of  powdflr. 


Bottwvil'Hamlmrg 

BoPoint'sP.  A... 
Da  PoinVs: 

P.  A 

P.  I 

P.  K 


Wdghtof 
ohmrgei 


PiMmdf. 

(100 

<100 

(100 

100 

100 
100 
100 


^ 


ieot- 
ie. 


Pounds, 
182 
235 
280 
285 

280 
286 
285 


VeloQtty 

»t  160  feet 

from  nuB- 

wtd. 


I 


2,185 
1,888 
1.787 
1,829 

1.812 
1,708 
2,017 


P» 


nooare 
inoiL. 


PoundM. 
29,460 
82,160 
82,800 
32,950 

85^450 
28,425 
87,068 


AOCTJBAOY  OF  FIBS. 

In  firing  two  series  of  five  shots  each  at  a  target  3,000  yards  distant  to 
determine  which  of  two  different  forcing  bands  submitted  for  trial,  was 
of  the  better  width,  the  following  results  were  obtained  with  the  band 
adopted — 

Target  30  by  4J0  feet-grange  3,000  yards. 

Feet. 

Mean  vertical  deviation  from  center  of  impact ^..     1.90 

Mean  horizontal  deviation  from  center  of  impact 1.56 

Mean  deviation  firom  center  of  impact 2.46 

or  the  centers  of  all  the  shot-holes  were  contained  within  a  circle  of  6} 
feet  diameter,  which  denotes  a  very  high  degree  of  accuracy. 

The  Du  Pont  brown  prismatic  powder  has  given  a  muzzle  velocity  of 
1,820  feet,  with  a  pressure  of  35,450  pounds  per  square  inch,  using  a 
charge  of  100  x>ounds  and  a  projectile  of  286  pounds,  and  although  this 
result  is  quite  satisfactory,  as  compared  with  results  obtained  abroad, 
yet  it  is  thought  that  some  improvement  may  still  be  made.  Some  further 
samples  have  accordingly  been  ordered  for  trial.  The  firing  of  the  ex- 
perimental 8-inch  steel  rifle  has  enabled  the  Department  to  settle  through 
its  own  experiments  and  with  a  minimum  cost  the  recently  vexed  ques- 
tion as  to  whether  or  not  the  modem  steel  guns  of  this  caliber  should 
be  hooped  to  the  muzzle.  The  question  came  into  prominence  in  Europe 
after  the  manufacture  of  this  gun  had  been  commenced,  and  was  raised 
by  the  bursting  of  several  foreign  guns  having  no  hoops  over  the  chase. 
The  remedy  generally  adopted  abroad  has  been  to  hoop  the  gun  through- 
out. The  principal  objections  to  this  are  the  increased  weight  and  cost 
of  manufacture.  In  the  8-inch  gun  the  Department  possessed  a  tube 
the  tests  of  which  at  the  muzzle  showed  exceptionally  fine  quality  of 
metal,  and  was  of  such  dimensions  as  to  give  abundant  strength  for  an- 
ticipated pressures.  Instead  then  of  changing  the  design  of  the  gun 
to  conform  to  foreign  methods  the  Department  determined  to  settle  the 
question  for  itself.     The  gun  was  provisionally  finished  without  the 
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chase  hooping,  sent  to  the  proving  ground  and  fired  with  heavy  charges. 
The  most  careful  attention  has  been  paid  to  enlargements  of  the  bore 
within  the  unhooped  portion  of  the  chase.  Daring  the  firing  of  the 
twenty-four  rounds  the  bore  was  star  ganged  after  the  first,  fourth,  sev- 
enth, thirteenth,  twenty-third  and  twenty-fonrth  rounds.  Even  after 
the  thirteenth  round  the  maximum  enlargement  in  the  unhooped  chase 
was  but  j-^^  of  an  inch.  After  the  twenty -fourth  round  for  about  12 
inches  in  the  length  of  the  bore  near  the  muzzle  the  enlargement  was 
Y^  of  an  inch.  This  enlargement  is  in  itself  small,  showing  an  ex- 
tension of  only  Yi^iijs  of  an  inch,  per  linear  inch,  or  less  than  one-half 
of  one  per  cent,  of  the  ultimate  extensibility  of  the  metal  after  rupture^ 
as  determined  by  tests  of  bars  cut  from  the  tube  forging  itself.  A  care- 
ful consideration  of  the  results,  however,  led  to  the  conclusion  that  the 
chase  should  be  hooped  to  the  muzzle,  having  also  in  view  the  purpose 
of  the  Testing  Board  to  fire  the  gun  to  extremity.  This  modification  in 
the  design  will  permit,  with  a  suitable  powder  adapted  to  a  high  den- 
sity of  loading,  of  increasing  the  present  powder  charge,  if  desired, 
and  will  enable  the  Department  fully  to  develop  the  ballistic  properties 
for  guns  of  this  class.  The  gun  has  been  returned  to  the  West  Point 
Foundry,  where  it  is  now  in  the  lathe  being  turned  for  its  chasehoop- 
ing.*    It  is  expected  that  the  trial  will  be  renewed  in  about  two  months. 

This  8-inch  gun  is  made  largely  of  imported  steel.  The  first  forgings 
imported  were  rejected  as  not  up  to  our  standard  of  what  the  metal 
should  be.  The  machining  of  the  steel  and  fashioning  of  the  gun,  was 
done  in  this  country.  The  technical  work,  such  as  determining  the 
specifications,  and  the  details  of  the  construction,  the  shrinkages,  &c., 
and  the  daily  supervision  and  insx>ection,  was  the  exclusive  work  of 
ordnance  ofScers.  In  the  manufacture  of  high-power  steel  guns  such 
as  these  no  mle-of-thumb  methods  can  be  followed.  Scientific  study, 
and  technical  skill  and  devoted  attention  to  the  work  can  alone  rearh 
sucoessful  results.  The  few  rounds  already  fired  prove  that  the  work 
was  well  done,  and  gives  us  every  reason  to  believe  that  the  quali- 
ties of  steel  required  for  guns  and  the  manufacture  of  guns  can  be  in- 
trusted with  entire  confidence  to  the  officers  of  this  Department. 

I  may  here  remark,  that,  owing  to  the  failure  of  the  fortifications 
bill,  and  the  consequent  inability  of  the  Department  to  procure  new 
supplies  of  powder,  it  would  have  been  impracticable  to  test  this  new 
8-inch  gun  after  its  completion,  except  for  the  fact  that  the  Department 
had  an  existing  contract  with  the  Messrs.  Du  Pont  for  a  supply  of  brown 
powder. 

*  Since  writing  the  above  the  chase  of  the  S-inch  rifle  has  been  turned  down  for  the 
reception  of  its  hoops,  and  after  removing  the  necessary  metal  on  the  exterior  it  was 
ascertained  that  the  bore  had  undergone  considerable  restoration,  which  has  mate- 
rially rednced  the  above-noted  enlargement.  This  fact  points  to  the  existence  of  ini- 
tial strains  in  the  original  tube,  due  probably  to  faulty  treatment  in  manufacture,  and 
which,  acting  in  the  same  direction  as  the  powder  strains,  caased  an  enlargement  of 
the  bore  sach  as  was  not  to  be  expected  from  the  action  of  the  powder  alone. 
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Produotian  of  steel  ffun/argings. 

The  Midvale  Steel  GompaDy,  has  completed  its  contract  for  the  delivery 
of  twenty-five  sets  of  forginjs^s  for  3.2-inch  B.  L.  field  gnns.  The  steel 
famished  has  been  of  a  superior  quality,  exceeding  the  reqairements 
of  the  contract.  These  works  have  also  completed  all  the  parts  for  the 
5-inch  B.  L.  siege  gun,  excepting  the  jacket,  and  that  will  be  delivered 
in  November.  A  tube  and  trunnion  hoop  for  an  8-inch  B.  L.  rifie  have 
also  been  successfully  forged  and  accepted.  The  production  of  the 
8-inch  rifle  jacket  has  been  attended  with  considerable  difficulty,  and  a 
number  of  failures  have  been  experienced,  this  being  the  largest  gun 
forging  thus  far  undertaken  at  Nicetown.  But  the  last  attempt  has, 
there  is  reason  to  believe,  proved  entirely  successful,  and  the  manuflEU^t- 
urers  have  gained*  in  compensation  for  their  failures  most  valuable 
practical  knowledge  of  how  to  deal  with  large  forgings,  and  thus  have 
broken  fresh  ground  in  the  development  of  the  steeUindustry. 

Prior  to  ordering  the  trunnion  hoop  for  the  8-inch  gun,  as  the  pro- 
duction of  a  forged  steel  trunnion  hoop — at  least  of  any  considerable 
size— had  not  hitherto  been  accomplished  in  this  country,  and  as  it  was 
very  desirable  to  know  accurately  the  mechanical  qualities  of  such  a 
forging,  the  Department  procured  from  the  Midvale  Steel  Company, 
for  purposes  of  test,  a  forged  trunnion  hoop  of  about  the  same  size  as 
that  required  for  the  8  inch  rifle.  When  completed  this  trunnion  hoop 
was  sent  to  the  West  Point  Foundry,  where  it  was  cut  in  half  along  a 
plane  passing  through  the  axis  of  the  trunnions  and  perpendicular  to 
the  axis  of  the  hoop.  One  of  the  halves  was  then  subjected  to  thor- 
ough mechanical  test  by  means  of  test  specimens  taken  from  various 
parts  along  the  inner  face,  while  the  other  half  was  subjected  first  to 
an  elastic,  and  then  to  a  strength  test  by  being  shrunk  successively  on 
two  cast-iron  cylinders.  The  results  by  both  methods  of  test  were  satis- 
factory and  demonstrated  the  ability  of  the  Midvale  Steel  Company,  to 
coi>e  with  these  difficult  forgings.  Following  are  some  results  obtained 
from  the  8-inch  tube  and  trunnion  hoop.  The  test  specimens  were 
taken  tangentially,  those  from  the  tube  being  3  inches  long  and  of 
.564  of  an  inch  diameter,  and  those  from  the  trunnion  hoop  6  inches 
long  and  of  .564  of  an  inch  diameter : 

8.INCH  TXTBE-TENSILB  TESTS. 


I 


Breeoh  end  t 
Oateide. 
Middle.. 
Ineide... 

Means 

Mnule  end  t 

Outside . 

Middle.. 

Inside... 

Means 


Blastio 
limit. 


PotcfuU. 
61,000 
46,000 
40,000 


48,087 

52,000 
60,000 
63,000 


61,667 


Tensile 
snength. 


Pounds, 
90,400 
66,300 
86,840 


Slonn- 
tion  after 
mptore. 


PsfMflt 

20.00 
21.00 
28.88 


87,818 

04,000 
01.600 
04,820 


93,838 


21.44 

19.67 
21.88 
17.00 


19.88 
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8.TUCH  EXPERIMENTAL  TBUNNION  HOOP— TENSILE  TESTS. 


Elastic 
limit. 


Cater  end,  A  : 
Minimnm 
MHxironm 
Average  . 

CeBter,  C : 
MinimDm 
Maximam 
Average  .. 

Onter  end,  B : 
Minimam 
Maximum 
Average  . . 


PoundM. 
49.U0U 
57,  WW 
53.750 

45,000 
56, 000 
48,800 

44,000 
48,000  ' 
40,250  I 


Tensile 
strength. 


Elonga- 
tion after 
rupture. 


Poundt. 
80,600 
93. 020 
91.8iM) 

80,700 
91,060 
86.652 

87, 000 
89,000 
88,090 


Percent 
17.67 
22. 17 
19.25 

16.50 
10.38 
17.81 

14.50 
20. 30 
18.04 


The  results  from  the  shrinkage  tests  of  the  trannion  hoop  showed 
that,  whilst  the  hoop  was  weakest  in  the  vicinity  of  the  tranuions,  the 
hoop  as  a  whole  was  adapted  to  purposes  of  gun  construction,  yet  that 
due  care  must  be  exercised  in  the  determination  of  the  shrinkage  to 
be  employed,  as  an  excessive  shrinkage  would  tend  to  develop  a  set 
in  the  trunnion  masses  when  the  gun  is  fired.  A  full  report  on  this  ex- 
perimental trunnion  hoop,  showing  the  locations  of  the  test  specimens 
and  describing  the  tests,  and  giving  the  conclusions  to  be  drawn  from 
them,  is  contained  in  Appendix  26.  Since  the  manufacture  of  the  ex- 
perimental trunnion  hoop  the  Midvale  Steel  Company,  has  delivered  the 
8-inch  rifie  forged  trunnion  hoop,  and  a  similar  hoop  for  the  12-inch  B. 
L.  mortar,  the  end  tests  of  which  are  nearly  equal  to  those  from  cylin- 
drical hoops.  For  full  report  of  the  operations  at  these  works  during 
the  past  year,  see  Appendix  23. 

At  the  Cambria  Iron  Works  the  Department  has  had  a  lot  of  twenty 
steel  hoops  under  manufacture  since  September  15,  1885.  In  this, 
their  first  attempt  at  the  production  of  steel-gun  forgings,  the  Cambria 
Works  have  encountered  many  obstacles,  particularly  so  as  the  hoops  are 
of  considerable  size  and  the  specified  qualities  for  the  metal  very  high. 
But  they  are  steadily  completing  their  contract  and  fully  meeting  its 
requirements  in  spite  of  difficulties.  A  good  part  of  the  hoops  have 
been  delivered,  and  the  remainder  are  in  a  forward  state  of  completion. 
This  establishment  has  also  in  hand  for  the  Department  a  set  of  forg- 
ings for  a  7-inch  B.  L.  rifled  howitzer,  which  will  give  them  an  oppor- 
tunity for  acquiring  experience  in  the  production  of  steel  tubes  and 
forged  trunnion  hoops.  A  full  report  of  the  operations  at  the  Cambria 
Works  during  the  past  year,  with  an  exhibit  of  the  results  obtained 
from  the  10-inch  rifle  hoops  is  given  in  Appendix  24. 

The  status  of  the  steel  works  which  have  thus  far  undertaken  the 
production  of  gun  steel  is  to-day  about  as  follows :  There  is  one  estab- 
lishment able,  with  present  facilities,  to  produce  all  the  forgings,  and 
of  the  required  qualities,  for  a  steel  gun  of  8  inches  caliber,  and  hoops 
of  all  sizes  except  the  very  largest  and  heaviest,  and  the  breech  mech- 
anism and  smaller  forgings  for  all  calibers.  There  are  two  establish- 
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ments  now  able  to  produce  the  tabes  and  jackets  and  misceUaneous 
for^gs  for  guns  of  small  caliber  and  hoops  of  a  very  considerable  sice. 
This  represents  the  best  that  can  be  done  to-day  by  the  steel  works 
of  this  country,  and  in  some  respects  their  experience  is  yet  so  new  and 
the  extent  of  their  plant  and  facilities  so  limited  that  a  great  deal  of 
time  is  reqoisite  for  the  production  of  the  forgings.  The  orders  from 
the  Department  have  also  been  very  limited,  but  with  the  prospect  of  a 
larger  demand  there  is  but  little  doubt  that  the  works  with  which  the 
Department  has  had  dealings  will  respond  with  all  needed  alacrity  in 
providing  the  necessary  facilities  for  promptly  executing  its  work.  It 
is  thought  that  these  manufacturers  could  commence  delivering  the 
heavier  forgings,  say  for  a  10-inch  rifle,  from  eighteen  months  to  two 
years  after  date  of  contract,  but  the  production  of  such  forgings  would 
for  several  years  be  slow,  as  the  manufacturers  would  wish  to  feel  sore 
of  their  ground  before  assuming  the  risk  of  a  number  of  possible  r^eo* 
tions.  The  production  of  the  tube  and  jacket  forgings  for  12-inch  guns 
could  be  accomplished  in  from  two  and  one-half  to  three  years.  Then 
the  time  for  finishing  and  assembling  the  parts — ^that  is  the  manofBMSt- 
uring  of  the  gun — must  be  added  to  the  above  in  making  any  estimate 
on  the  procurement  of  armament.  In  this  connection  I  quote  from  my 
last  annual  report  the  following  remarks,  which  are  quite  as  much  in 
point  now  as  at  the  date  when  written  : 

Should  Congress  make  a  sufficieat  appropriation  to  enable  this  Department  to  ad- 
vertise for  the  forgings,  say  for  100  of  these  10-inch  8t«el  rifles,  it  is  quite  certain  that 
some  of  our  steel  manufacturers  would  provide  the  requisite  press  for  the  production 
of  forgings,  with  the  oil  tanks,  and  annealing  furnaces  for  their  treatment,  in  about 
a  year ;  and  that  they  would  begin  to  deliver  the  rough-finished  forgings  within  six 
months  afterwards,  or  say  eighteen  mouths  after  date  of  contract.  It  is  even  safe  to 
say  that  they  should  so  design  the  new  plant  that  it  should  possess  sufiQcient  capacity 
for  the  production  of  the  forgings  required  for  12-inch  steel  guns ;  thus  in  the  near 
future  would  our  own  steel  makers  be  placed  on  a  footing  to  supply  the  forgings  for  guns 
of  a  power  far  in  excess  of  anything  we  can  hope  to  obtain  from  the  use  of  oast  iron 
alone.  Liberal  appropriatious  by  Congress,  to  extend  over  a  number  of  years,  for 
the  manufacture  of  8, 10,  and  12  inch  steel  rifles,  and  ultimately  of  16-inch  and  higher 
calibers,  would,  it  is  believed,  prove  the  truest  jiolicy  for  the  development  of  our  own 
resources,  and  the  surest  for  placing  our  extended  coast  in  a  proper  state  of  defense. 

With  regard  to  the  best  method  of  developing  our  steel  manufacturei 
the  opinion  of  the  House  Commission  on  Ordnance  and  Gunnery,  of 
which  Hon.  S.  J.  Bandall  was  chairman,  as  expressed  in  their  report 
submitted  last  session,  was  as  follows : 

It  would  be  more  in  the  line  of  prudence,  economy  and  efficiency  in  the  gnna  we 
are  to  obtain,  to  proceed  carefully  to  make  smaUer  guns,  and  work  np  gradually  to 
the  larger  ones,  than  to  suddenly  appropriate  for  the  latter  before  we  even  know 
that  the  smaller  can  be  made ;  and  the  commission  have  no  hesitation  in  recommend- 
ing that  aU  guns  fbr  use  by  the  Aimy  and  Navy,  indnding  those  for  fortifications,  when 
constructed,  should  be  oonstmcted  in  the  United  States. 

The  question  of  making  gnn  steel  even  in  smaU  masses,  is  a  delicate  and  diffionlt 
operation.  It  therefore  seems  that  the  best  oonise  to  ponae  is  to  confine  oonelTCS 
at  present  to  guns  of  from  8  to  12  inch  caliber. 
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By  this  means  workmen,  foremen,  corporations,  and  ordnance  officers  will  be  edn- 
jated,  and  a  body  of  data  accnmnlated  that  onght  to  result  in  improved  and  more 
economical  processes,  and  enable  them  to  construct  larger  guns,  which  will  not  only 
be  more  efficient,  but  will  remove  the  element  of  uncertainty  from  the  question  of 
what  is  sufficient  remuneration. 

Sach  a  policy  of  development,  as  above  indicated,  is  believed  to  be  a 
Boand  one.  It  is  considered  a  mistake  to  expect  steel  makers  to  put 
up  at  the  outset  the  plant  and  facilities  requisite  for  the  manufacture  of 
the  very  largest  forgings,  such  for  instance  as  those  used  in  the  con- 
struction of  100-ton  guns.  The  requisite  machinery  for  the  production 
of  even  the  smaller  forgings  will  be  to  a  considerable  extent  experimental 
with  our  manufacturers,  and  must  be  gradually  developed,  along  with 
our  types  of  guns,  until  the  experience  acquired  in  the  manufacture  of 
the  smaller  forgings,  as  8-inch,  10-inch,  and  12-inch,  shall  clearly  indi- 
cate the  best  methods  to  be  pursued  in  producing  the  largest  forgings. 
Such  gradual  development  will  prove  sure  and  economical,  and  the 
ultifnatum — ^the  production  of  the  forgings  for  100-ton  guns — will  be 
attained  quite  as  speedily,  and  with  more  certainty  and  satisioction, 
than  by  the  scheme  of  a  sudden  and  enormous  expansion  of  their  man- 
ufacturing facilities. 

Sea-coast  carriages. 

The  work  at  Watertown  Arsenal  during  the  past  year  on  alterations 
of  carriages  has  been  confined  to  the  carriages  adopted  for  the  8-inch 
M.  L.  rifle,  converted.  Some  50  barbette  and  casemate  10-inch  smooth- 
bore gun-carriages  have  been  altered  and  issued  to  various  forts  and 
about  20  more  have  been  partly  completed,  whilst  a  considerable  quan- 
tity of  material  had  been  procured,with  the  object  of  continuing  this  work 
during  thecoming  year.  But  this  work  has  been  interrupted  through 
failure  of  the  fortifications  bill,  and  cannot  be  resumed  until  an  appro- 
priation is  available  therefor.  The  discontinuance  of  this  most  neces- 
sary work  is  to  be  deplored,  as  it  prevents  the  mounting  and  placing  in 
a  serviceable  condition  of  the  existing  armament  of  the  country,  which 
however  feeble  it  may  be  in  comparison  with  the  armaments  that  might 
be  brought  against  us,  it  is  yet  our  duty  to  make  the  most  of  until 
sometiiing  better  is  provided. 

The  Bo«urd  on  Fortifications  or  other  Defenses  considered  that  three 
types  of  carriages  would  be  required  for  mounting  sea-coast  guns,  viz, 
for  turrets  and  casemates,  muzzle-pivoting  or  minimum  embrasure  car- 
riages; for  barbettes  on  low  and  exposed  sites,  disapi>earing  carriageSi 
and  for  barbettes  on  high  sites,  some  modification  of  our  present  type 
of  barbette  carriage.  It  is  the  intention  of  the  Department,  whenever 
it  shall  have  requisite  funds  at  its  disposal  to  procure  carriages  of  the 
above  types  for  test,  in  order  to  determine  suitable  designs  for  adop- 
tion. Of  the  disappearing  type  of  carriage,  several  promising  designs 
have  been  originated  in  this  country  as  the  Bufflngton,  King  and 
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Brewer ;  and  the  Kiug  carriage  has  been  subje<;ted  to  very  satisfactory 
test  with  the  16-iuch  smooth-bore  gun.  In  addition  to  one  or  more  of 
these,  it  might  be  well  to  test  iii  comparison  with  them  a  hydro-pneu- 
matic disappearing  carriage  on  the  general  plan  of  that  recently  brought 
out  in  England,  and  which  has  given  very  satisfactory  results.  Disap- 
pearing carriages  will  be  required  for  10  and  12  inch  rifles,  and  the  pro- 
posed experimental  carriages  would  be  adapted  to  the  smaller,  or  1(^ 
inch  gun,  as  guns  of  that  caliber  would  be  earliest  available  for  trial. 
For  high  barbettes  a  carriage  similar  in  general  features  to  the  Ya- 
vasseur,  which  is  compact  and  readily  handled  by  manual  power,  would 
probably  prove  most  effective  and  economical.  With  this  carriage  the 
gun  would  be  surmounted  by  a  steel  hood,  to  furnish  additional  pro- 
tection to  the  gunners.  This  type  of  carriage  could  also  be  readily 
adapted,  it  is  thought,  to  hydraulic  lifts,  should  they  be  introduced  into 
our  fortifications.  After  the  manufacture  and  trial  of  the  carriages 
named,  the  next  step  would  be  the  development  of  turret  and  casemate 
carriages,  which  are  more  complicated  and  expensive  constructions,  and 
which  will  require— probably  casemate  as  well  as  turret — the  introduc- 
tion of  steam  power,  in  connection  with  hydraulic  machinery,  or  ma- 
chinery adapted  to  the  use  of  compressed  air,  for  readily  maneuvering 
the  guns. 

This  question  of  gun-carriages — a  difficult  one  even  when  considered 
with  reference  solely  to  maneuvering  and  controlling  the  recoil  of  the 
gun — requires  especial  study  and  very  carefully  drawn  conclusions  when 
considered  with  reference  to  the  peculiar  conditions  of  our  service.  We 
have  a  very  extended  coast  line,  with  many  points  at  which  defenses 
must  be  provided,  and  yet  so  small  is  our  artillery  force,  in  peace  times, 
that  at  most  points  the  carriages  may  stand  idle  for  years,  or  at  least 
may  not  receive  that  attention  and  care  which  are  indispensable  to  their 
preservation,  if  involving  in  their  construction  complicated  and  nicely 
adjusted  machinery.  Hence,  always  keeping  in  view  the  requisite  de- 
gree of  efficiency,  simplicity  of  construction  should  be  the  prime  con- 
sideration, even  if  obtained  at  the  sacrifice  of  some  facility  of  handling 
and  maneuvering.  But  the  absolute  degree  of  efficiency,  desirable  or 
attainable,  at  any  particular  point  will  of  course  depend  on  local  condi- 
tions. At  our  principal  forts  there  will  always  be  a  sufficient  garrison 
to  take  care  of  the  armament,  and  for  metallic  defenses,  as  casemates 
and  turrets,  to  economize  space  and  attain  the  maximum  efficiency,  car- 
riages involving  considerable  mechanism  in  their  construction  will  un- 
questionably be  required. 

Powlett  Pneumatic  Oun  Carriage. 

The  Powlett  12-inch  rifle  gun  carriage,  constructed  under  the  pro- 
visions of  the  act  of  March  3, 1885,  has  been  partially  tested  during  the 
year,  in  connection  with  the  trial  of  the  12-inch  B.  L.  rifle,  cast  iron. 
The  carriage  is  operated  by  means  of  compressed  air,  supplied  firom  an 
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accunmlator  in  connection  with  a  condensing  engine.  One  hundred 
and  four  roands  have  been  fired  from  the  12-inch  B.  L.  rifle  since  it  has 
been  mounted  on  the  Powlett  carriage.  The  Ordnance  Board  has  sub- 
mitted a  progress  report  on  the  test  of  the  carriage,  (Appendix  12)  and 
expresses  the  opinion ;  that  the  Powlett  pneumatic  carriage  can  be  accu- 
rately and  quickly  traversed  by  means  of  the  worm  gearing,  and  can 
be  laid  in  any  desired  line  rapidly  enough  for  the  purposes  of  the  land 
service ;  that  the  gun  can  be  elevated  and  depressed  with  accuracy  but 
it  takes  as  long,  if  not  longer,  than  when  done  by  hand,  and  in  the  ex- 
citement of  action  the  slight  motions  needed  to  fix  it  at  the  desired  angle 
are  difficult  to  accomplish.  The  Board  objects  to  the  complicated  ar- 
ningement  of  sujiply  pipes,  branches  and  valves,  and  deems  it  vital  that 
they  be  greatly  simplified;  and  considers  the  apparatus  for  checking 
recoil  too  complicated,  and  inferior  to  the  ordinary  hydraulic  buffer. 

The  Board  does  not  believe  that  the  use  of  compressed  air  for  maneu- 
vering sea-coast  artillery'  has  been  sufficiently  tried  to  justify  the  ex- 
pression of  an  opinion,  but  admits  that  it  possesses  certain  advantages 
that  make  its  investigation  very  important.  The  carriage  has  been 
materially  improved  since  it  was  first  presented,  and  doubtless  its  con- 
struction can  with  greater  experience  be  simplified  and  strengthened, 
but  the  Board  recommends  that  further  expenditure  by  this  Depart- 
ment be  suspended  until  the  trial  of  the  carriage  ordered  by  the  Navy 
Department  has  been  completed  and  the  results  known. 

As  this  is  the  first  carriage  made  and  tried,  the  results  are  deemed 
favorable,  and,  with  further  simplification  of  details,  as  indicated  by 
the  experience  already  had,  the  trial  of  new  constructions  for  sea-coast 
purposes  would  justify  the  expense. 

Flank  Defense  Torpedo  Lines. 

The  Ordnance  Board  has  submitted  a  progress  report  on  the  experi- 
ments being  made  for  developing  an  effective  system  of  defense  for  tor- 
X>edo  lines.  The  report  is  voluminous,  and  the  progress  made  is  en- 
couraging, but  for  prudential  reasons  it  is  not  deemed  expedient  to 
make  public  the  report. 

Breech-closing  Devices. 

The  trial  of  the  Yates'  breech  mechanism  was  completed  this  year 
under  the  supervision  of  the  Board  for  Testing  Bified  Gannon,  &c.  The 
mechanism  had  been  applied  to  a  10-inch  Rodman  smooth  bore  gun, 
after  converting  it  into  an  8-inch  rifle  by  lining  with  a  steel  tube.  (Ap- 
pendix 9.)  The  gun  has  been  fired  with  charges  of  35  pounds  of  pow- 
der and  a  projectile  of  181  pounds,  the  same  as  employed  with  the 
service  8-inch  M.  L.  rifle,  converted,  and  with  the  accompaniment  of 
about  the  same  pressures.  At  the  312th  round  the  gun  burst  explos- 
ively, and  as  the  device  had  not  proved  satisfactory  to  the  Board,  it  was 
not  favorably  recommended.    (Appendix  9.) 
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Obturating  Primers. 

The  trial  of  obturating  primers  for  caunon  has  been  continaed  this 
year,  and  a  satisfactory  primer,  both  friction  and  electric,  has  been  ob- 
tained. The  primer  with  an  interrupted  screw  head  was  found  to  an- 
swer well  for  large  guns,  but  its  size  precludes  its  use  with  small  cali- 
bers. Accordingly  a  new  primer  of  smaller  dimensions  with  a  full 
screw  on  the  head  was  tried  and  with  satisfactory  results,  using  either 
brass  or  steel  for  the  body  of  the  primer.  A  description  of  the  primers 
is  contained  in  Appendix  28. 

Tests  of  FrictUmal  Resistance  due  to  Shrinkage. 

The  Department  has  completed  a  very  interesting  series  of  experi- 
ments this  year  at  the  Watertown  Arsenal,  having  for  their  object  the 
determination  of  the  resistance  offered  by  friction,  due  to  shrinkage,  to 
longitudinal  movement  between  the  surfaces  of  contact  of  cylinders,  as 
well  as  the  ratio  which  such  resistance  bears  to  the  normal  pressure  ex- 
erted by  the  shrinkage.  Two  sections  of  an  8-inch  gun  hoop,  having 
the  same  diameters  but  being  of  different  lengths,  were  first  shrunk  on 
steel  cylinders  with  the  same  shrinkage.  The  hoops  were  then  pushed 
off  by  pressure  applied  by  means  of  the  testing  machine.  A  second 
set  of  hoops  was  then  assembled  under  an  equal,  but  considerably  higher 
shrinkage,  and  the  operation  of  removal  by  the  testing  machine  re- 
peated. From  the  data  derived  from  these  experiments  some  useful 
practical  deductions  have  been  made  touching  the  longitudinal  assist- 
ance to  be  derived  from  hoops,  &c.,  and  the  efficacy  of  the  grip,  due  to 
shrinkage,  exerted  on  an  inner  tube  by  its  enveloping  jacket,  hooped 
or  otherwise,  to  prevent  separation  in  firin.i^.  The  completed  report  on 
these  experiments  is  not  in  readiness  to  be  incorporated  in  this  annual 
report  but  is  in  course  of  preparation  for  early  publication. 

Steel  Siege  Guns. — Experimental  oinch  B,  L,  Rifle. 

Work  has  progressed  on  this  gun  during  the  year,  at  Watertown 
Arsenal.  All  the  forgiugs,  except  the  jacket,  have  been  delivered.  In 
the  production  of  the  forging  for  the  jacket  there  has  been  unusual  and 
unexpected  delay,  for  its  size  is  such  as  to  bring  it  easily  within  the 
manufacturing  facilities  of  the  Midvale  Steel  Company.  Several  at- 
tempts, however,  proved  failures,  but  it  is  now  expected  that  a  satis- 
factory forging  will  be  delivered  not  later  than  November.  A  carriage 
has  been  designed  for  this  gun  by  Capt.  Charles  Shaler,  Ordnance  De- 
partment, which  is  being  constructed  at  the  Springfield  Armory  under 
the  supervision  of  Colonel  Buffington. 

Experimental  1-inch  B.  L.  R.  Howitzer. 

This  piece  was  designed  by  the  Ordnance  Board,  (Appendix  14),  and 
a  contract  was  made  with  the  Cambria  Iron  Works  for  furnishing  all 
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the  forgings  required  for  its  coDstraction.    The  qualities  specified  for 
this  steel  were  the  same  as  for  the  5-inch  siege  rifle,  viz : 


ElMtfo  limit pounds. 

Tentile Btrenffth do... 

Elongation  after  rnptore percent. 


Trunnion^ 
boop. 


48.000 

95.000 

16 


STEEL  FIELD  GUNS. 

After  the  satisfactory  results  obtained  with  the  experimental  steel 
3.2-inch  B.  L.  rifle,  the  Department,  last  year,  contracted  with  the 
Midvale  Steel  Company  for  the  delivery  of  complete  sets  of  forgings 
for  twenty-five  similar  guns.  Five  of  the  guns  were  placed  under 
manufacture  at  the  Watertown  Arsenal,  and  the  remainder  were 
awarded  to  the  West  Point  Foundry  Association,  they  being  the  lowest 
bidders  for  the  work.  It  was  expected  that  these  guns  would  be  com- 
pleted by  the  early  spring,  but  delay  in  the  delivery  of  the  forgings 
has  occasioned  a  like  delay  in  comi^eting  the  guns.  A  number  of  the 
guns  are,  however,  already  finished,  and  it  is  expected  that  the  whole 
lot  will  be  completed  by  the  end  of  November.  The  experimental  metal 
field  carriage  made  for  these  3.2-inch  guns  failed  on  trial,  owing,  it  is 
believed,  in  part  to  defective  metal,  and  in  part  to  some  defect  in  work- 
manship, or  to  structural  weakness.  A  new  carriage  is,  however,  about 
completed,  and  will  be  subjected  to  trial  as  soon  as  received  at  the 
Proving  Ground.* 

FIELD  GUN  GASRL4.GES. 

The  Department  in  its  annual  estimates  for  this  year,  has  asked  for  a 
liberal  appropriation  for  the  construction  of  field  gun  carriages.  It  has 
on  hand  about  500  serviceable  3-inch  wrought  iron  M.  L.  rifles,  and  has 
also  to  provide  carriages  for  the  new  steel  guns.    The  old  wooden  car- 

*  SiDce  writing  the  above  the  new  field  canfiage  has  been  received  at  the  Proving 
Gronnd  and  subjected  to  a  most  satisfactory  test.  The  carriage  is  of  simple,  not  com- 
pound constraction,  and  is  made  of  mild  steel, — the  cheek  plates  being  doable,  with 
coryed  flanges  above  and  below.  It  is  fitted  with  the  spring  brakes  for  checking 
reooU  and  the  flanged  axle  for  securing  stiflhess  that  have  been  already  successfully 
tested  in  a  previous  carriage.  The  new  carriage  weighs  only  1,300  pounds,  and  is 
graceful  in  its  outlines.  It  was  tested  by  firing  500  rounds  from  the  3.2-inch  steel 
field  gun,  of  less  than  800  pounds  weight,  using  charges  of  3^  pounds,  with  a  projectile 
of  13  pounds,  having  a  velocity  of  over  1,700  feet.  Daring  the  firing,  the  carriage 
leeted  on  elastic  planks,  in  heavy  sand,  and  various  angles  of  elevation  up  to  the  max- 
imum were  used,  and  charges  that  gave  over  35,000  pounds  pressure  per  square  inch 
of  chamber,  and  it  has  come  out  of  this  severe  ordeal  in  almost  perfect  condition. 

This  carriage,  with  its  accessories,  was  designed  by  Lieut.  C4i>l.  Buffington,  of  the 
Ordnance  Department,  and  the  Department  has  now  placed  the  manufacture  of  the 
25  carriages  for  issue  with  the  new  steel  field  guns,  in  Colonel  Buffington's  hands,  at 
the  National  Armory. 
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riages,  made  years  since  for  the  wrought  iron  gans,  have  so  deterioratedi 
notwithstanding  the  repairs  made  upon  them  from  time  to  time,  that  at 
present  it  may  be  said  that  we  have  no  serviceable  carriages  for  issue 
with  those  guns.  The  metal  carriages  designed  for  the  new  steel  guns 
will  serve  for  the  wrought  iron  guns  as  well,  and  the  wrought  iron  can 
be  replaced  by  the  steel  guns  as  the  manufacture  of  the  latter  progresses. 
An  alternative  policy  would  be  the  reconstruction  of  a  number  of  wooden 
carriages  but  such  carriages  would  be  useless  for  the  service  of  the  new 
guns,  and  would  become  obsolete  so  soon  as  the  old  guns  were  replaced 
by  the  new.  The  needs  of  the  service  in  respect  to  a  supply  of  carriages 
for  the  field  artillery  are  most  pressing  and  the  appropriation  asked  for 
is  earnestly  recommended. 

PACKING  OUTFIT  FOR  HOTOHKISS  MOUNTAIN   GUN. 

The  packing  of  the  Hot<;hkiss  mountain  gun,  carriage  and  ammuni- 
tion was  made  the  subject  of  careful  study  and  experiment  during  the 
year  1885  by  Lieutenant  Colonel  Flagler,  Ordnance  Department.  Colo- 
nel Flagler  having  submitted  the  results  of  his  investigations,  with  de- 
tailed drawings  of  his  proposed  outfit,  in  a  report  to  this  Office  (Appen- 
dix 31)  the  Department  directed  the  manufacture  of  ten  complete  seta 
for  issue  to  trooi>s  and  practical  trial  in  the  field. 

The  salient  features  of  Colonel  Flagler's  outfit  are:  a  permanent  pack 
saddle  instead  of  an  aparejo;  the  substitution,  for  the  heavy  ungainly 
shafts  used  in  single  draft,  of  a  light  pole  splinter-bar,  pole,  yoke 
and  breast  harness,  for  double  draft,  which  are  readily  packed,  weigh 
30  pounds  less  than  the  shafts  and  shaft  harness,  and  do  not  entail  any 
addition  to  the  number  of  draft  animals  now  required ;  packing  the 
ammunition  in  a  number  of  small  boxes,  convenient  for  the  supply  of 
ammunition  and  for  packing,  and  sufficiently  cheap  to  admit  of  their 
being  thrown  away  after  being  emptied.  It  is  believed  that  this  outfit, 
if  it  does  not  prove  an  entirely  satisfactory  solution  of  a  somewhat  vex- 
ing problem,  will  at  least  largely  clear  the  way  towards  such  solution. 

RUSSELL'S  HYDRAULIC  BUFFERS. 

Capt.  A.  n.  Bussell,  Ordnance  Department,  has  submitted  a  brief 
history  of  the  hydraulic  buffer,  with  valved  piston-head,  for  overcom- 
ing recoil  of  guns,  invented  by  him.  (Appendix  33.)  Captain  Bussell 
claims  that  this  buffer  is  identical  in  principle  with  that  patented  in 
this  country  as  well  as  in  England,  some  years  subsequent  to  the  ap- 
pearance of  his  invention,  by  J.  Yavasseur,  and  that  therefore  the  latter 
has  no  valid  claim  against  the  United  States  for  the  use  of  the  Yavas- 
seur  system,  so  far  as  it  is  covered  by  the  Russell  invention.  Captain 
Bussell  has  no  pecuniary  interest  in  the  question,  but  simply  desires  to 
secure  professional  recognition  lor  his  invention  and  immunity  to  the 
Government  in  using  the  Vavasseur  patent. 
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I  have  the  honor  tx>  submit  the  following  papers,  heretofore  referr^ 
to: 

Appendix  1. — Statement  of  principal  articles  procured  by  fftbrication 
during  the  year  ended  June  30^  1886. 

Appendix  2. — Statement  of  principal  articles  procured  by  purchase 
during  the  year  ended  June  30, 1886. 

Appendix  3. — Statement  of  ordnance,  ordnance  stores,  &c.,  issued  to 
tlie  military  establishment,  including  the  national  homes  for  soldiers  of 
the  volunteer  and  regular  Army,  and  exclusive  of  the  militia  during  the 
year  ended  June  30, 1886. 

Appendix  4. — Apportionment  for  the  fiscal  year  ending  June  30, 1887^ 
of  the  annual  appropriation  of  $200,000  for  arming  and  equipping  the 
militia,  under  sections  1661  and  1667,  Bevised  Statutes. 

Appendix  5. — Statement  of  ordnance,  ordnance  stores,  &c.,  distriV^uted 
to  the  militia  from  July  1, 1886,  to  June  30,  1886,  under  section  1%7, 
Bevised  Statutes. 

Appendix  6. — Statement  of  arms,  ammunition,  &c.,  distributed  to  the 
Territories  and  States  bordering  thereon,  from  July  1, 1885,  to  June  30, 
1886,  under  the  joint  resolutions  of  July  3,  1876,  March  3, 1877,  and 
June  7,  1878,  and  the  act  of  May  16,  1878. 

Appendix  7. — Statement  of  ordnance,  ordnance  stores,  &c.,  distributea 
to  colleges  from  July  1,  1886,  to  June  30,  1886,  under  section  1226,  Re- 
vised Statutes. 

.     Appendix  8. — Showing  the  stations  and  duties  of  the  officers  of  the 
Ordnance  Department. 

REPORTS  OF  THE  BOARD  FOR    TESTING    RIFLED    CANNON,  ETC.,   AP- 
POINTED UNDER  THE  ACT  OF  JULY  5,  1884. 

Appendix  9. — ^Report  on  Yates  B.  L.  rifle.    (5  plates  .) 
Appendix  10. — Progress  report  on  trial  of  12-inch  B.  L.  rifle,  cast  iron. 
(1  plate.) 
Appendix  11. — Progress  report  on  trial  of  12-inch  M.  L.  rifled  mortar. 
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Appendix  12. — Powlett  pneumatic  gun  carriage.    (1  plate.) 
Appendix  13. — ^Trial  of  8-inch  banded  projectiles,  experimental.    (7 

plates.) 

Appendix  14. — ^Design  for  7-inch  siege  howitzer.     (2  plates.) 
Appendix  16. — Experiments  with  blasting  gelatine.    (1  plate.) 
Appendix  16.— Trial  of  steel  and  wooden    ammunition    chests.    (6 

plates.) 

CONSTRUCTION  OF  ORDNANCE. 

Appendix  17. — Oonstruction  report  of  8-inch  B.  L.  rifle,  steel. 
Appendix  18. — Inspection  report  of  8-inch  B.  L.  rifle,  steel. 
Appendix  19. — Construction  report  of  8-inch  Yates  B.  L.  rifle. 
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Appendix  20. — Gonstraotion  report  of  8  and  10  inch  proof  carriage. 
(4  plates.) 

Appendix  21. — Manofactore  of  12-inch  projectiles.    (1  plate.) 

Appendix  22. — ^Annual  report  of  Inspector  of  Ordnance^  South  Boston 
Iron  Works.    (9  plates.) 

Appendix  23. — Annua)  report  of  Inspector  of  Ordnance  at  Midvale 
Steel  Works. 

Appendix  24. — ^Annual  report  of  Inspector  of  Ordnance  at  Cambria 
Iron  Works. 

Appendix  25.— Progress  report  on  construction  of  10-inch  B.  L.  rifle, 
cast  iron,  wire  wound.    (3  plates.) 

Appendix  26. — Report  on  an  experimental  forged  trunnion  hoop. 

Appendix  27. — Beport  on  longitudinal  strength  of  steel  gun  hoops. 
(1  plate.) 

Appendix  28. — Beport  on  obturating  friction  and  electric  primers.  (1 
plate.) 

Appendix  29. — Progress  report  on  powders. 

Appendix  30. — Beport  on  fabrication  of  3.2-inch  steel  field  guns  at 
Watertown  Arsenal. 

MISOELLANSOUS. 

Appendix  31. — Beport  on  packing  outfit  for  Hotchkiss  mountain  gun. 
(17  plates.) 

Appendix  32. — Beport  of  principal  operations  at  Cheyenne  Ordnance 
Depot  during  year  ending  June  30, 1886. 

Appendix  33. — Bussell's  hydraulic  buffer.    (2  plates.) 

Appendix  34. — Beport  of  trials  of  carbine  cartridges. 

Appendix  35. — Summary  of  reports  on  magazine  guns  issued  for  trial 

in  service,  &c. 

* 

1  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  V.  BBNfiT, 
Brigadier- OeneriUj  Ohirf  of  Ordnance. 

To  the  honorable  Seobetaby  of  War. 
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SUUemew^  of  principal  articles  procured  by  fabrication  during  the  fiscal 

year  ended  June  30,  1886. 

Glass  I. 

2  breeoh-]oading  steel  gans,  caliber  3.2  inch. 

Class  II. 

30    carriages  for  6-pounder  gun. 

20  carriages  aud  limbers  for  Qatliug  gun,  caliber  .45^^ 
1    carriage  for  3.2-iDch  field  gun. 

1    limber  for  machine  gun  carriage,  caliber  .45^^ 
11    15-inch  carriages  and  chassis,  hydraolic  cylinder,  model 
1883. 

21  8-inch  carriages  and  chassis,  F.  P.  barbette  hydraulic  cylin- 

der. 
28    8-inch  carriages  and  chassis,  casemate,  hydraulic  cylinder* 

Glass  m. 

62    breech  sights  for  8- inch  rifles. 

10  buckets,  sponge. 
16    buckets,  water. 

20  bars,  maneuvering. 

9  elevating  bars. 

3  elevating  arcs  and  indices. 
20  fnze  blocks. 

4  fuze  plug  wrenches. 
4    fnze  wrenches. 

11  fuze  gauges. 

7  gunners'  gimlets. 

50  gunners'  haversacks. 

38  gun  covers,  Gatling  gun. 

20  gun  mounts,  Oatling  gun. 

134  handspikes. 

4  sets  artillery  harness,  2  horses,  wheeL 

3  sets  artillery  harness,  2  horses,  lead. 

6  sets  harness,  Laidley  cavalry  lorge. 

100  harness  sacks. 

1  set  harness,  1  horse,  cannonier. 

1  muzzle  or  front  sight,  12-pounder  gun. 

62  muzzle  or  front  sights,  8- inch  rifle. 

3  pinch  bars. 

27 
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27    priming  wires. 

2  pendalum  hausses. 

1  rammer  and  staff,  3.2-inch  gun. 

4    rammers  and  staves.  11-inch  rifle. 

3  shell  hooks. 
100    securing  stakes. 

24  pointing  stakes. 

15  sight  cases,  Oatling. 

12  sponge  covers,  3-inch  rifle. 

2  sponge  covers,  3.2-inch  rifle. 

10  sponge  covers,  12-pounder  gun. 

2    sponge  covers,  12-pounder  mountain  howitzer. 

4  sponge  covers,  6-pounder  gun. 

1    sponge  and  rammer,  3.2-inch  rifle. 

11  sponges  and  rammers,  12-pounder  mountain  howitzer. 

11  sponges  and  rammers,  6  pounder  gun. 
18    sponges  and  rammers,  12-pounder  gun. 
97    sponges  and  rammers,  3-inch  rifled  gun. 

4  sponges  and  staves,  Hotchkiss  mountain  gun. 

1  sponge  and  staff, Gpounder gun. 

26  tompions,  3-inch  rifle. 

8  tompions,  10-inch  rifle. 
4  tompions,  15-inch  rifle. 

1  tompion,  12-pounder  mountain  howitzer. 
4  tompions,  4.5-inch  rifle. 

2  tompions,  1 1-inch  rifle. 
2  tompions,  13-inch  gun. 
1  tompion,  20-inch  gun. 

104  vent  covers. 

26  vent  punches. 

79  vent  pieces. 

6  wipers  for  mortars. 

7  vent  covers,  heavy  guns. 

1  worm  and  staff,  12-pounder  mountain  howitzer. 

1  worm  and  staff,  11-inch  rifle. 

9  pendulum  hausse  pouches. 
24  feed  guides,  Gatling  gun. 

12  hoppers,  Gatling  gun. 

Class  IV. 

1, 000  4.2-inch  Eureka  shot. 

50  8-inch  cored  shot. 

132  3.2inch  steel  shrapnel. 

6, 000  3.2-inch  shell. 

Class  V. 

6    canister,  8-inch  choke. 
113    12-pouuder  shot,  flxed. 

Class  VI. 

5, 000    Springfield  carbines,  caliber  .45^',  model  1884. 
1, 000    Springfield  carbines,  caliber  .45^^  2.4-inch  barrel. 
32, 524    Springfield  rifles,  caliber  .45'',  model  1884. 
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1, 003  Springfield  rifles,  caliber  .45^^  rod  bayonet. 

2  officers'  swords. 

154  cavalry  and  field  officers'  sabers. 

50  light  artillery  officers'  sabers. 

Class  VII. 

ARTILLERY  AOCOUTERMENTS. 

50  knapsacks  for  light  batteries. 

CAVALRY  ACCOUTERMENTS. 

3, 066  carbine  slings. 

101  carbine  sling  swivels. 

4y  500  pistol  bolsters. 

2  saber  belts. 

1, 002  saber-belt  plates. 

402  saber  knots. 

INFANTRY  EQUIPMENTS. 

10, 163  bayonet-scabbard  bodies. 

10, 299  bayonet  scabbards. 

7, 100  blanket  bags. 

5, 720  blanket  bag  shoulder-straps,  pairs. 

10, 686  cartridge  boxes,  pattern  1874,  McKeever. 

355  cartridge-belt  plates. 

13, 175  canteens. 

920  canteen  straps. 

6, 551  coat  straps,  pairs. 

52  frogs,  sliding. 

6, 897  gun-slings. 

5, 351  haversacks. 

351  haversack-straps. 

5, 000  tin  cups. 

1, 114  waist  belts. 

1, 184  waist-belt  plates. 

500  sword  belts,  leather,  officers'. 

1, 444  gun  slings,  lengthened. 

16, 561  waist  belts  and  plates  (plates  without  loop). 

1  waist  belt  and  plate,  N.  0. 0. 

1, 000  meat  cans. 

22  frogs,  N.  G.  O.  and  musicians'  swords. 

1, 059  waist-belt  plates,  pattern  1874. 

1, 000  waist  belts,  pattern  1874. 

APPENDAGES. 

26  bullet  molds. 

33, 221  headless  shell  extractors. 

3, 078  screw-drivers. 

37, 650  wiping  rods,  wooden,  rifle  and  carbine. 

7, 873  front  sight  covers. 

417  fix)nt  sight  cover  screws. 

4, 540  pistol-grips,  metallic. 

335  pistol-grip  screws. 
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HORSE  EQXJIPMBNTS. 

50  bits,  curb,  cavalry. 

1, 000  bridles,  curb,  cavalry. 

3  bridles,  watering. 

225  clnchas  or  hair  girths. 

5, 000  horse  brashes. 

2y  500  horse  covers. 

3  lariats. 

203  links. 

2, 340  nose-bags. 

3, 000  picket-pins. 

6  saddles. 

203  saddle-bags,  leather. 

203  side  lines. 

6j  899  carbine  boots  and  straps. 

51  saddle  cloths,  hair. 

7  saddle  cloths  for  line  officers. 
2, 100    spar  straps. 

445    sarcingles. 

Class  vm. 

AMMUNITION. 

28, 951  cartridge  bags,  3inch  rifle. 

120  cartridge  bags,  3.2-inch  rifle. 

10, 281  cartridge  bags,  Oponnder  gan. 

8, 028  cartridge  bags,  ^poand  blank. 

1, 230  cartridge  bags,  1  poand  blank. 

1, 000  cartridge  bags,  2  poand  blank. 

6, 000  cartridge  bags,  12-poander  raoantain  howitser. 

27, 048  cartridge  bags,  12-poander  gan,  light. 

100  cartridge  bags,  12-poander  gan,  heavy. 

METALLIC  CARTRIDaES. 

3, 168,  608    rifle  ball  cartridges,  caliber  .45^',  reloading,  model  1881. 
1, 209, 325    rifle  and  carbine  blank  cartridges,  caliber  .45^',  reloading, 

model  1882. 
1, 915, 052    carbine  ball  cartridges,  caliber  .45^',  reloading,  model  1882. 
613, 735   revolver  ball  cartridges,  caliber  .45^^,  reloading,  model  1882. 

FUZES. 

145    fazes,  metallic,  time,  3.2-inch  projectile. 
100    fazes,  Hotchkiss  base. 

LEAD  BALLS. 

3, 029, 000  carbine  ballets,  caliber  .45" j  405  grains. 

9, 634, 100  rifle  ballets,  caliber  .45^^  500  grains. 

1, 976, 200  roand  balls,  caliber  .45''. 

692, 500  revolver  bullets,  caliber  .45^'. 
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MISCELLANEOUS  ARTICLES. 


373,  700  friction  primers  for  cannon. 
10  electric  primers  for  cannon. 
23    friction  primers,  obturating. 


Glass  IX. 

MACHINES  AND  MISCELLANEOUS  ARTICLES  FOR  ARTILLERY. 

276  blocks. 

16  blocks,  half. 

16  blocks,  quarter. 

1  capstan. 

12  chocks,  gon. 

44  chocks,  roller. 

20  chocks,  wheel. 
1  collar,  gun. 

22  rollers,  long. 

16  rollers,  short. 

21  shifting  planks. 
24  skids. 

1  sling  cart,  large. 

1  shear,  gun. 

2  trunnion  rings. 
30  way  planks. 

4  platforms  for  mortars. 

30  intrenching  tools. 

3  poles,  10-foot. 

500  muzzle  plugs,  for  rifles. 

10  pinch  bars,  iron. 

100  broad-sword  blades,  wood. 

1  gin  fall. 

1  gin,  field  and  siege,  '* Piper." 

426  marking  outfits. 

15, 498  marksmen's  buttons. 

8, 000  marksmen's  pins. 

2, 500  sharpshooters'  badges. 

RELOADINa-TOOLS. 

66  tools,  bench,  reloading,  sets. 

154  chargers. 

50  extractors,  primers. 

352  dies,  reloading. 

160  priming  tools. 

320  punches,  reloading. 

265  punches,  resizing. 

100  anvils,  combination. 

494  dies,  resizing. 

100  funnels. 

234  shell  scmpers. 

100  wiping  rods. 

2, 000  pins,  priming  tool. 

109  dies,  resizing,  bench. 

1  tool,  reloading:.  '^  Morse." 
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1  tool,  resizing,  "  Morse." 

1  die,  crimping,  bench. 

63, 580  centers  for  paper  targets. 

150  disks. 

23, 812, 750  pasters. 

514  signal  flags. 

949  shot-marks  and  staves. 

248  streamers  for  rifle-range. 

50  targets,  Brinton. 

73  targets,  Gushing. 

309.  targets,  Laidley  revolving. 

113, 100  targets,  paper  elliptical. 

24  targets,  Texas. 
1, 881  target  frames. 

68    marking  rods,  disks,  and  brushes,  sets. 

Glass  X. 

PARTS  APPERTAINING  TO   CLASS  I. 

48    eccentric  trunnion  rings,  8-inch  rifle. 

PARTS  APPERTAINING  TO  CLASS  H. 

1  ammunition  chest. 

243  parts  of  field  carriage. 

9  parts  of  Laidley  cavalry  forge. 

8  poles  for  field  or  siege  carriage. 

4  pole  yokes. 

25  pole-prop  bolts. 

14  straps  for  ammunition  chest. 

6  keys  and  stay  pins  for  ammunition  chest. 

4  pole  lifts. 

12  axle  bodies. 

30  guide  hooks,  bolts,  and  nuts,  8inch  rifle. 

WHEELS. 

100    fellies. 

4  naves. 
50    spokes. 

BRIDLES  AND  COMPONENT    PARTS. 

8    bits. 

5  collars. 

4  leg  guards. 

15  hooks  for  tar  buckets. 
12  saddle  seats,  leather. 
21  retraction  ropes. 

4  traces. 

RAMMER  HEADS. 

58    rammer  heads,  3-inch  gun. 

SPONGE  HEADS. 

5  sponge  heads,  3inch  rifled  gon. 
1    sponge  head,  3.2-inch  rifled  gun. 
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SPONGES. 

75  sponges,  3-inch  rifled  gan. 

6  sponges,  12-poander  gan. 

40  sponges,  12-poander  mountain  howitzer. 

40  sabots,  12-poander  shell. 

40  tin  straps. 

6  tips,  brass,  for  3.2-inch  shrapnel. 

300  copper  bands,  3.2-inch  shell. 

PARTS  APPERTAINING  TO  CLASS  TI. 

Parts  of  Springfield  rifle  and  carbine. 


1,715 

stocks  (wood  part). 

60 

tips. 

252 

tip  screws. 

16 

ramrod  stops. 

12 

band  springs. 

106 

side-screw  washers. 

13 

butt  plates. 

20 

batt'plate  screws. 

5 

cover-friction  springs. 

201 

gaard  bows. 

77 

guard-bow  swivels. 

185- 

^uard-bow  swivel  screws. 

10 

guards,  complete. 

6,339 

triggers. 

1,602 

trigger  screws. 

3G6 

guard  screws. 

6 

rear-sight  base  springs. 

102 

rear-sight  screws. 

150 

rear-sight  leaves. 

56 

leaf-slide  binding  screws. 

48 

rear- sight  slide  screws. 

^ 

windage  screws. 

470 

rear-sight  joint  pins 

2 

barrels. 

2 

receivers. 

3,405 

extractors. 

571 

hinge  pins. 

3,985 

ejector  springs. 

3,810 

ejector-spring  spindles. 

212 

ejector  studs. 

60 

cam  latches. 

2m 

breech-block  caps. 

50 

thumb  pieces. 

5 

breech  blocks. 

1,306 

breech-block  cap  screws. 

0, 599 

firing  pins. 

2,312 

firing-pin  screws. 

2,441 

cam  latch  springs. 

7 

breech  screws. 

1,223 

front  sights. 

727 

front-sight  rivets. 

861 
fi331  1 

tang  screws. 
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25  bands,  upper. 

629  bands,  lower. 

20  lock  plates. 

1, 432  main  springs. 

863  mainspring  swivels. 

788  main-spring  swivel  rivets. 

133  hammers. 

4, 070  tumblers. 

1, 880  tumbler  screws. 

2, 057  bridles. 

1, 569  bridle  screws. 

3, 743  sears. 

2, 029  sear  screws. 

1, 983  sear  springs. 

899  sear-spring  screws. 

315  side  screws. 

239  ramrods. 

6, 000  ramrods,  jointed. 

359  bayonets. 

165  bayonet-clasps. 

415  bayonet-clasp  screws. 

10  bayonet-clasp  stop  screws. 

100  swivel-bar  rings. 

18  locks,  complete. 

296  rear  sights,  complete. 

104  stocks,  assembled. 

5  stocks,  complete. 

1  scabbard,  cavalry  officer's  saber. 

6  locking  spring,  Springfield  rod-bayonet  riHe. 
30  stocks  assembled,  Springfield  rod-bayonet  rifle. 

112  stocks,  Hotchkiss  navy  rifle. 

3  stocks  (wood  part),  Springfield  shotgun. 

IK  extractors,  Springfield  shotgun. 

PARTS  APPERTAmiNG  TO  CLASS  VII. 

Parts  of  infantry  and  cavalry  accouterments  and  eqv^fnents. 

10, 000  buckles,  bar,  brass,  |-inch. 

17,972  buckles,  bar,  brass,  |-inch. 

15, 000  buckles,  bar,  brass,  |  inch. 

5, 000  buckles,  wire,  brass,  f-iuch. 

1  button  and  hook  for  officer's  sword  belt. 

3, 000  snaps,  brass,  for  saber  belts. 

1, 000  ihasps  for  saber  belt  plates. 
10, 938  ^*saber  straps. 

1, 268  saber  attachmeuts. 

Parts  of  horse  equipments. 


839 

cincha  straps. 

25 

curb  straps. 

L%304 

foot  staples,  brass. 

188 

girth  straps. 

6,900 

halter  straps. 

65 

head  stalls  for  bridles. 
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1, 000  hooks,  snap. 

1, 015  halters. 

792  coat  straps  for  saddles. 

3, 027  rings,  brass,  l|-iDch. 

72  rings,  iron,  2J-inch. 

329  safety  straps. 

10  spring  snaps.* 

3  stirrups  with  guidon  socket. 
3, 761^  stirrups  with  hoods,  pairs. 

200  stirrup  hoods. 

PABTS  APPBBTATNING  TO  CLASS  VIH. 

515  cartridge  bags,  empty,  ^  pound. 

15, 454  cartridge  bags,  empty,  3iuch  gun. 

644  cartridge  bags,  empty,  3.2-incb  rifle. 

2, 700  cartridge  bags,  empty,  6-poui\der  gun. 

1, 250  cartridge  bags,  empty,  4^-iuch  siege  guu. 

29,025  cartridge  bags,  empty,  12  pounder  gun. 

952  cartridge  bags,  empty,  S-iuch  converted  rifle. 

1,059  cartridge  bags,  empty,  lOinch  Rodman  gun.  • 

350  cartridge  bags,  empty,  12-infh  brt»ech-toadiBg  rifle. 

300  cartridge  bags,  empty,  12-inch  muzzle-loading  naortar. 

172  cartridge  l3ags,  empty,  11-inch  muzzle  loading  chambered 
gun. 

4, 501, 000  carbine  cartridge  wads. 

26, 809, 300  cartridge  primers. 

5, 500  cartridge  shells,  rifle. 

40, 000  cartridge  shells,  revolver. 

200  '  cartridge  shells,  rifle,  "  Morse." 

PABTS  APPEBTAIWING  TO  CLASS  IX. 

334  parts  of  targets. 

1, 902  parts  of  Laidley  revolving  targets. 

259  parts  of  Gushing  target. 

306  frames  for  Laidley  revolving  targets. 

6, 000  steel  frames  for  skirmish  targets. 

9, 000  cloths  for  skirmish  targets. 

63, 881  paper  skirmish  targets. 

190, 000  strings  for  skirmish  targets. 

1  uncapping  bolt,  reloading  tool. 

50  gauges,  total  length. 

50  setters,  primer,  bench. 

50  tools,  reloading  and  crimping,  bench. 

50  tools,  resizing,  bench. 

4  eccentric  axles  for  mortar  bed. 
68, 786  paper  silhouettes. 

10, 500  cloth  silhouettes. 

200  cast-iron  plates  for  gallery  practice. 

1  leg  for  Laidley  gun  lift. 

500  silver  bars  for  sharpshooters'  badges. 

20  base  spreailers,  Morse. 

20  base  punches,  Morse. 

20  extracting  cups,  Morse. 

20  shell  scrapers,  Morse. 
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Matekials  Aim  Tools. 

MISCELLANEOUS. 

1, 437  arm  chests. 

4, 110  boxes,  packing. 

4  boxes,  packing,  tin. 

949  cans,  tin. 

3^  oases. 

4  bags  for  saddlers'  and  stuithe'  tools. 

3  measures,  tiu. 

136  buckets,  tin  or  iron. 

176  boxes,  reloiulinff  tools. 

7  cases,  field,  for  shotgun  oatfit. 

TOOLS. 


46 

aprons,  smiths'. 

414 

bruabee. 

113 

bits,  assorted. 

260 

boxes,  blacking  fi»r  leather. 

2 

gallons  browning  mixture. 

1 

calipers. 

404 

chisels,  various. 

300 

chamois-akin  cases  for  swords. 

658 

dies.  Tarious. 

1^218 

drills. 

616 

brashes,  paint. 

2 

crasher  gauge  |)lu(j8. 

60 

boxes  of  cleaning  material. 

120 

clinching  irons. 

1 

bashing  obturating  primer. 

1,801 

flies,  assorted. 

279 

flies,  rotarj-. 

1 

foze-tool,  Hotchkiss  base. 

69 

gauges. 

176 

grease,  \\luil.  iiounds. 

3 

gauges,  riii^'  lin,H.-rnug  star  gauge. 

1 

star-gange  point. 

176 

hammers. 

6 

horses,  saddlers'. 

460 

handles,  various. 

60 

inspecting  mirrors.    . 

320 

ingredients  for  li'atlier  blacking,  bo: 

4 

knives,  slioeiiij;. 

20 

knitres  for  draw  gauge. 

166 

gallons  lacker 

1 

machine,  lead-bar  rolling. 

1 

machine  for  stamping. 

1,842 

129  inaiidn'ls. 

3  measuring  points,  star  gauge,  sets. 

1  standard  nut. 

100  oil  cans. 

1, 900  pounds  harness  oil. 

12  oilers,  tin. 


SEPOBT  OF  THE  CHIEF  OF  ORDNANCE.  37 

155  punches,  assorted. 

774  i>oaDds  paint,  black. 

3, 675  pounds  painty  olive.    . 

1, 290  pounds  paint,  various. 

5  pounds  putty. 

4  pans. 

150  smiths'  pokers, 

2  pounds  polish  for  leather. 

307  arm -racks,  portable. 

287  reamers. 

5  pairs  magazine  slippers. 
5  stamps,  seal. 

1  stencil  plate. 

5,  743  parts  of  stoves,  various. 

2  scoops. 

2  screens,  coal. 

151  shoeing  boxes,  leather. 
124  taps,  various. 

668  tools  for  current  service. 

5  tools,  various,  for  reloading  tools,  sets. 

1  tool  for  Morse  reloading  tool,  set.  * 

1  tool  for  diameter  caliper,  set. 

1  tool,  resizing  exp.  shotgun,  set. 

100  tools,  primer  box. 

100  tags,  metal. 

311  pounds  black  wax. 

100  wipers,  brush. 

1  wheel,  card. 
24  creasers. 

200  pincers. 

150  forgings  for  bullet- mold  gates. 

20  pounds  hektogruph  composition.  * 

54  button  sticks. 

18  button  brushes. 

15  gallons  coal  tar. 

150  shovels.    • 

6  spanner  belts. 

2  parts  of  shafting. 

6  cleaning  plates,  sheet  iron. 

4  castings,  various. 


Appendix  2. 


statement  of  principal  articles  procured  by  purchase  iiurinfi  the  fiscal  if  em- 
ended June  30,  1886. 

Glass  I. 

1    12-iuch  cast-iron  breecb-loading  rifle. 

1    8-inch  steel  breech-loading  rifle. 
32    8inch  inazsle-loading  rifles,  converted. 
25    Gatling  guns,  10-barreU  caliber.  45^^ 
10    Hotchkiss  inoantain  gans,  42%,  caliber  l'^65,  with   IimmI 
magazines. 

Oi^ASS  IL 

10    Hotchkiss  steel  moantain  gan  carriages,  ciilitxT  \"Xui 
1    metallic  gan  carriage,  for  10-inch  rifle. 
1    Powlett  pneamatic  gan  carriage. 

Glass  III. 

• 

100  feed  cases,  Gatling  gan,  caliber  .4o'^ 

80  feed  magazines,  Gatling  gun,  calib«M-  .45". 

50  mortar  wipers. 

200  i)anlins,  12  by  15  feet. 

Glass  IV. 

300    lOinch  cored,  cast-iron  shot. 
315    8- inch  cored,  <*a8t-iron  shot. 

Glass  VI. . 

240    Spencer  repeating  shotguns. 
2, 000    Golfs  revolvers,  caliber  .45. 

Glass  VIL 

1,002  artillery  saddle  blankets. 

10, 000  cavalry  saddle  blankets 

12  currycombs% 

5, 350  knives. 

5, 228  forks. 

5, 136  spoons. 

38 
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Class  VIII. 

197, 503  pounds  small-arms  powder. 

50, 000  pounds  I.  K.  powder,  for  field  guns. 

27, 700  pounds  hexagonal  powder. 
65, 575J  pounds  brown  prismatic  powder. 

4, 000  pounds  square  powder. 
100  .  pounds  giant  powder. 

500, 000  rifie-ball  cartridges,  caliber  .SO''. 

132, 000  rifle-ball  cartridges,  caliber  .45". 

5, 000  Hotclikiss  base  fuzes. 

25, 000  pounds  drop  shot. 

500, 000  wads. 

4, 100  feet  safety  fuze. 

4  coils  safety  fuze. 
300  caps  (giant  powder). 

5, 000    rounds  Hotchkiss  shell,  caliber  1''.65. 
1, 494    rounds  Hotchkiss  case  shot,  caliber  l''.d5. 

Glass  IX. 

12  double  blocks. 

13  single  blocks. 
1     treble  block. 

1  quadruple  block. 

2  snatch  blocks. 

6  hydraulic  jacks. 

2  sUng  chains. 

37  white-oak  rollers. 

5  differential  pulleys. 
12  shiftfug  planks. 

4  plane  tables. 

Class  X. 

5, 040  bar  buckles. 

5, 904  roller  buckles. 

227  pounds  escutcheon  pins. 

1, 752  rings. 

4, 464  spring  snaps. 

30, 171  gun  stocks. 

457  parts  of  Colt's  revolvers. 

67  parts  of  Hotchkiss  magazine  rifle. 

5  parts  of  Lee  magazine  rifle. 
9  parts  of  gun  carriages. 

302  rubber  buffers  for  15-inch  carriage. 

1  set  loading  tools,  Hotchkiss  42%  mountain  gun. 

632  belt  hooks. 

36  pointing  stakes. 

168  Archibald  wheels  for  artillery  caiTiages. 

PAST  SECOND, 
CLOTH,  ROPE,  ETC. 

256    yards  burlaps. 
2, 526}  yards  cloth,  oiled  and  enameled. 
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11|  yards  cloth,  woolen. 
32|  yards  cloth,  rubber. 
74, 245i  yards  cotton  cloth. 
846j  yards  felt 
7,  ^6    pounds  cotton  waste. 
8, 6111^  pounds  cord  and  twine. 
12    yanls  canvas. 
250    yards  canton  flanneL 
300    yaixls  flannel. 
2, 053    p#unds  hair. 
15    pounds  marline. 
403^  yards  matting. 
55    mats. 

50    pounds  oakum. 
9, 784    pounds  rope. 

46}  pounds  sewing  silk. 
168    spools  sewing  silk. 
1, 100^  pounds  thre^. 
»4    spools  thread. 
25    yards  ticking. 
330    towels. 
30    yards  toweling. 
41,151f  yards  webbing. 
21    window  shades. 
75    yards  linoleum. 

FOBAaE,  BTO. 

11, 276    pounds  barley. 
24, 095    pounds  bran. 
2, 372    bushels  corn. 
31}  barrels  flour. 
14    bushels  grass  seed. 
6, 774    pounds  ground  feed. 
247, 948    i)ounds  hay. 
124, 5(K)    i>ounds  meal. 
7,004}  bushels  oats. 
33    barrels  salt. 
73, 649    pounds  straw. 

IRONMONGEBT. 

681  pounds  Babbitt  metal. 

10  bath  tubs  and  fixtures. 

305, 031  pounds  I  and  channel  beams. 

2  bells. 

4  boilers. 

10, 876  bolts. 

15  pounds  brads. 

73  papers  brads. 

366^  ))ounds  brass,  rod. 
8, 476}  ]>ounds  sheet  brass. 

1, 668  buckles,  assorted. 

425  pounds  burrs. 

58, 296  buttons. 

34  sets  casters. 


REPOBT    OF   THE   CHIEF    OF   OfiD^ANCE. 

1, 7604  poaods  bronze  aud  brasa  castiQgB. 
109, 714j  poaiids  irou  uiutinga. 
1,  OCC    irou  castings. 
942^  pounds  steel  caetlDgB. 
717^  pounds  chain. 
3, 240    feet  cbain. 
972    cocks,  assorted. 
S9, 988}  pounds  bar  copper. 
319,  SiW}  pounds  cartridge  copper. 
14,059|  pounds  sheet  copper. 
460    eouplinfiH- 
80    door  ciitcbes  and  flzturM. 
647,488    (.'jvL-ls. 

921     gas  bui-ners. 
796    gas  flstures,  assorted. 
333i  [H'liiiywfiLjlila  yold. 
1814  pouutl"  grate  bars. 
1,027     pairs  hinges. 
1, 477     hooks,  assorted. 
11,206J  pounds  horseshoes. 
1,064    iKtDods  horseshoe  nails. 

159    hose  fittings. 

7,  U3    pounds  hoop  iron. 

UWjVj  tons  pig  iron. 

34, 273J  poauds  nheet  iron. 

205, 144    pounds  wrought  iron. 

120    keys. 

686    knobs,  assorted. 
3, 432J  pounds  lead. 
1, 577     locks,  assorted. 
63, 274}  pounds  nails. 
13, 889    [Miunds  nnis,  assorted. 
28}  pouuds  copper  pipe. 
30     fret  brass  pipe. 
18, 136     feet  iron  pipe. 
6, 809}  pounds  lead  pipe. 
136     feet  lead  pipe. 
674^  pounds  pipe  fittings. 
7,130     pijib  fittings,  assorted. 
4    pamps. 
66    pulleys. 
6, 689    pounds  rivets,  assorted. 
1,3444  I">'i'iil'*  rivets  and  burrs. 
6, 905     f.-et  iiifUllii:  pope. 
6, 404    gross  screvs,  assorted. 
3f  j;ioss  scrt'w  e.vi-s,  &c. 
243j  iKiiiiiils  tiiTiiiau  silver. 
26,375|  [»'[iiivw.i;:l,t3  silver. 
2,642|  i^.Miiuls  .sol.ier. 
2, 637     pounds  spikes. 
69J  pounds  springs. 
883, 057    pounds  bar  and  plate  st«el. 
23, 993    pounds  steel  forgings. 
24, 895    pounds  sheet  steel. 
2, 643, 000    tacks,  assorted. 

441     pounds  tacks,  assorted. 
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80, 763    poandB  blodE  da. 

2, 612}  pounds  tin  foil. 

151 J  boxes  sheet  tin. 

103}  poandB  tabing. 

1, 494    poands  washers. 

30    water-closets  and  flztares. 
15    urinals  and  iixturt^e. 
11,064    pounds  bmss  wire. 
1, 513}  ]M>unds  copper  wire. 
3,  OIK)    pounds  covered  copper  wiffc 
26, 723|  iwunds  cartri<lge  copper  wire. 

9j  pounds  Oermaii  silwc  *ir«. 
15, 777}  pounds  iron  wire. 
55, 733}  pounds  steel  wire. 
6, 46S|  pounds  zinc. 
2,200    tin-can  screws. 

691    square  yards  wire  cloth. 
2,067}  feet  wire  grating;  and  netting, 
3,241     feet  liKhtning  rmls.   . 

LEATH^,  KTa 

232    pounds  black  wax. 
8, 626}  feet  leather  belting. 
141    /eet  rubber  belting. 
76    pounds  liuffleather. 
123, 924^  square  feet  collarleather. 
236    sides  bellows  leather. 
2, 52)     sides  bridle  leather. 
30     pouiidri  int.lle  le^lbor. 
71,942    pounds  harness  leatlier. 
80}  a<iiuiR-  feet  bat;  leather. 
453     I.OII1I.U  laeeleaiLer. 
66     suIps  lare  leather. 
1,500    feet  laue  leather, 

61}  square  feet  lace  leather. 
Ill     square  feet  trimming  leather. 
22    pounds  polishiug  leather. 
Ill     pounds  sole  leather. 
66    aides  raw-hide. 
62    sheep-skitis. 
26    shark's  skins. 

LUIQUEB. 

74, 277  feet  battens  and  strips. 

718,238f  feet  boards. 

432  feetjoists. 

15,100  laths. 

604,729  feet  plank. 

1,619  posts  and  rails. 

92, 280  feet  scantling. 

142, 600  shingles. 

106,126  feet  timber. 

BOILDINQ  HATBUAUI. 

20    square  feet  aabestus. 
1,420,177    bricks. 
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3, 501^  barrels  cement. 
648^  feet  cement  pipe. 
157    barrels  clay, 
40    doors,  wood. 
1, 994^  feet  drain  pipe. 
19, 903y^*|y  square  feet  flagging  stone. 
8, 531^  feet  window  glass. 
6, 956    lights  window  glass. 
392    cubic  yards  gravel. 
224    pounds  plastering  hair. 
2, 005    barrels  lime. 

17    barrels  plaster  of  Paris. 
1,  421^  cubic  yards  sand. 
'  7, 613    bushels  sand. 
1, 936^  cubic  feet  stone. 
1,560^^  cubic  yards  stone. 
4, 065    square  feet  slate. 
1,  226    pounds  tarred  paper. 
1, 434    feet  moldings. 
186    rolls  wall  paper. 
332    feet  terra-cotta  pipe. 
8    terra-cotta  traps,  &c. 
307    feet  tiles. 
16    pairs  window  blinds. 
81     window  sash. 
10    window  and  door  sills. 
422.    feet  hair  felting. 
4    wrought-iron  gates. 

HEATING,   LIGHTING,   CLEANING,  BTO. 

50    bath  bricks. 
20    quarts  blacking  for  leather. 
1,288    brooms. 
235    brushes,  dusting,  &c. 
34    pounds  candles. 
184^^0  square  feet  card-clothing. 
22^  175    bushels  charcoal. 

714    chamois  skins. 
3, 10112|§  tons  anthracite  coal. 
3, 486^||^  tons  bituminous  coal. 
235, 669    pounds  coke. 
726    bushels  coke. 
1, 690    pounds  corundum. 
304    corundum  and  emery  wheels. 
181J  reams  crocus  and  emery  cloth. 

10. 149  pounds  emery. 

25  reams  emery  paper. 

620  pounds  crocus. 

18,773  firebricks. 

292^  cords  fire-wood. 

4  grates. 

12. 150  pounds  kaolin. 
63  lanterns. 

8    lamps. 
198    lampfixtores. 
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SHO(\^ING  STATIONS  AND  DUTIES  OF^HE  OFFICERS  OF  THE  ORDNANCE 

DEPARTMENT  ON  OCTOBER  1,  1^86. 


Bank  and  name. 


BBIOADIBR-QKMSBAL. 

Stephen  V.  6eD6t 

COLOlfBLB. 

1.  J.  McAllister,  brevet 

2.  S.  Criapin,  brevet 

3.  T.  G.  Baylor,  brevet 

LIBUTBNAlfT-COLONKL8. 

1.  J.  M.  Whlttemore 

2.  A.  B.  Bnffini^ton 

8.  D.  W.  Flagler,  brevet 

4.  A.  Mordecai,  brevet 

MAJOBB. 

1.  F.  H.  Parker,  brevet 

2.  J.P.Farley 

8.  L.S.  Babbitt 

4.  "W.A.Marye 

6.  LAmoldJr 

6.  C.  Coinly 

7.  J.  R.  McGinneBs,  brevet. 

8.  G.  W.  McKee,  brevet 

9.  F.H  Phipps , 

10.  J.  W.  Reilly 

CAPTAINS. 

1.  J.  A.  Kresa,  brevet  major 

2.  O.  E.  Micbaelis,  brevet. . 
8.  CKDuttOQ 

4.  J.  G.  Batler 

6.  C.  Bryant 

6.  A.  L.  V  amey 

7.  J.C.  CUffora 

8.  J.E.  Greer 

0.  J.  Pitman 

10.  C.  Shaler 

11.  H.  Metcalfe 

12.  W.  8.  Starring 

18.  C.S.Smitb 

li.  &  E.  Blont  (lient  ool.)  . . 
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Duty. 


Address. 


Chief  of  Ordnance 


Commanilin^  the  New  York  Arsenal, 
president  i>t  the  Ordnance  Board,  and 
president  of  Board  for  Tesiinp;  Rifled 
Canuou,  &g. 

Commaudiug  the  Bcnicia  Arsenal 

Coiumuudin;;  tbo  Kock  Island  Arsenal. 


Commanding  the  Watervliot  Arsenal. . 
Commanding  the  National  Armory  — 
Commanding  the  Frankford  Arsenal  . . 
Member  of  the  Ordnance  Bonrd  and 

member  of  Board  for  Testing  llifled 

Cannon,  dec. 


Commanding  the  Watertown  Arsenal, 
and  member  of  Board  for  Testing 
llifled  Cannon.  &c. 

Commanding  the  United  States  Pow- 
der Depot. 

Commamlinethe  Fort  Monroe  Arsenal. 

Assistant,  National  Armory 

Commanding  the  San  Antonio  Arsenal. 

Commanding  the  Indianapolis  Arsenal. 

Assistant,  Rock  Island  Arsenal 

Commanding  the  Allegheny  Arsenal . . 

Commanding  the  Kennebec  Arsenal. .. 

Commanding  the  Angnsta  Arsenal — 


Commanding  the  Saint  Louis  Powder 
Depot. 

Assistant,  Watervliet  Arsenal 

On  duty  under  the  Interior  Department 

Assistant.  National  Armory 

Assistant-,  Benicia  Arsenal    

Assistant,  Rock  Island  Arsenal 

Assistant.  Frankford  Arsenal 

Commanding  the  Fort  Leavenworth 
Ordnance  Depot,  and  chief  ordnance 
officer  Department  of  the  Missonri. 

Commanding  the  Fort  Abraham  Lin- 
coln Ordnance  Depot,  and  chief  ord- 
nance officer  Department  of  Dakota. 

Member  ol  the  Ordnance  Board,  and 
member  of  Board  for  Testing  Rifled 
Cannon,  &c. 

Instrnctor  of  ordnance  and  gunnery 
U.  S.  Military  Academy. 

Commanding  the  Cheyenne  Ordnance 
Depot,  and  chief  ordnance  officer 
Department  of  the  Plaf  te. 

Principal  assistant  in  the  Ordnance 
Bureau. 

Aide-de-camp  to  the  Lieulenant-Gen- 
eral,  and  inspector  of  rifle  practice 
at  the  Ileadquarters  of  the  Army. 


Washington,  D.  C. 


'  Governor's  Island,  New 
York  City.  PostH>ffloe 
box  1449. ' 


Bcnicia,  Cal. 
Kock  Island,  111. 


West  Tnty,  N.  Y. 
Sprinufleld,  Mass. 
PhllAdelphia,  Pa. 
Govenior's     Island,   "Sew 

York   City.     Post-offioe 

box  1449. 


Watertown,  Maas. 


Dover,  N.  J. 

Fort  Monroe,  Va. 
Springfield,  Mass. 
San  Antonio,  Tex. 
Indianapolis,  Ind. 
Rook  Island.  HL 
Pittsburgh,  Pa. 
Augusta,  Me. 
Augusta,  Ga. 


Jefferson  Barracks,  Mm 

West  Troy,  N.  Y. 
Geological  Survey,  Wash- 
ington, D.  C. 
Springfield.  Mass. 
Benicia,  Cal. 
Rock  Island,  HL 
Philadelphia,  Pa. 
Fort  Leavenworth,  Kana. 


Fort  Abraham  Lincoln, 
Dak. 

Governor's  Island,  New 
York  City.  Poet-oflicd 
box  1440. 

West  Point,  N.  Y. 

Cheyenne,  Wyo. 


Washington,  D.  0. 
Washington,  D.  O. 
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STATIONS  AND  DUTIES  OF  OFFICERS,  «fc— Continued. 


Bank  and  lume. 


CAPTAIHA— continaed. 


15.  F.  Heath 

16.  D.  M.  Taylor. 

17.  D.A.Lyle  ... 


18.  J.  Bockwell.  jr. 

19.  J.  C.  Ayres   ... 

20.  M.  W.Lvon 

21.  C.  W.  Whipple. 


22.  A.H.BiuaeU 


23.  B.Biniie.Jr 


24.  L  SfaoNott... 

25.  C.  C.  Morrison 
S8L  F.Baker 


niST  LISUTBHAim. 

1.  O.  RMitcham 

2.  H.D.Borap 


3.  LbL.Bniff 

4.  C.H.Clark 

ft.  W.  II.Medcalfe. 


6.  William  Crosier. 

7.  W.B. Gordon... 


8.  F.E.Hobba 


9.  D.  A.  Howard 
10.  8.  B.  Stoart . . 


OBDNAirCS  SrOBBKKEPBRB. 

OapUUnt. 


A  8.  M.  Morgan 


AaaiBtaut,  Watervliet  Arsenal 

On  8i)ecialdQty  in  the  office  of  the  Ad* 
Jtitant-General. 

On  foundry  dnty,  aud  member  of  the 
Board  on  Lifo>saving  Apparatns,  Sec, 
nndcr  the  Secrctnryof  the  Treasury, 
and  member  of  Board  for  Testing; 
Biflf  d  Cannon,  &,€. 

Assirttant,  Rock  laluud  Aisenal 

Assistant,  Benicia  Ainenul    

Assistant,  Watertown  Arnrnnl 

Assistant  to  the  Ordnancie  Board 


Commandincr  the  Vanoonver  Barracks 
Ordnance  Depot,  and  chief  ordnance 
officer,  Department  of  the  Columbia. 

On  duty  in  the  Office  of  the  Chief  of 
Ordnance.  • 

Assistant,  Frankford*  Arsenal 

Assistant,  Watertown  Arsenal 

Assistant,  Frankford  Arsenal 


Assistant  instructor  of  ordnance  and 

gunnery,  IT.  S.  Military  Aoademy. 
On  foundry  duty 


On  foundry  duty 

Assistant,  National  Anno 
Assistant  to  the  Ordnance 


» Board 


Assistant,  Watertown  Arsenal 

Instcnotor  of  philosophy,  XT.  S.  Mili- 
tary Academy. 
On  foundry  dn^ 


On  foundry  duty 

Instructor  of  philosophy,  U.  S.  Mili- 
tary Aoademy. 


On  duty,  Allegheny  Arsenal. 


W.H.  Kexford i  On  duty, Indianapolis  Arsenal 


D.J.  Young... 
]£J.OreaUsh 
Y.McNaUy... 


On  duty,  Watcrvliet  Arsenal 

On  duty,  Augusta  Arsenal 

On  duty  in  the  Office  of  the  Chief  of 
Ordnance. 


Address. 


West  Troy,  N.  Y. 
Washington,  D.  C. . 

Boston,  Mass.    P.  O.  box 
22ri3. 


Rock  Island,  UL 
Benicia,  Cal. 
Watertown,  Mass. 
Governor's   Island,    New 

York  City.     Postofflce 

bi>x  1449. 
Yancouver,  Wash. 


Washington,  D.  C. 

Philadelphia,  Pa. 
Watertown,  Mass. 
JPhiladelphia,  Pa. 


West  Point,  N.  Y. 

Boston,  Mass.    Po8t-oAc4 

box  2253. 
Cold  Spring,  N.Y. 
Spiingnela^  Mass. 
Goremor's    Island,    New 

York  City.     Po8t4>ffioe 

box  1449. 
Watertown,  Mass. 
West  Point,  NY. 

Station    G,  Philadelphia, 

Pa. 
Cold  Spring,  N.  Y. 
West  Pointy  H.  Y. 


Pittsburgh,  Pa. 
Indianapolis,  Ind. 
West  Troy,  N.  Y. 
Augusta,  Gm. 
Washington,  D.C. 
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»  BEPOBT  OF   THE  OHI£t'  OF   OBDNANCE. 

8    oiincea  iodine. 
397     poQDdB  iroD  and  ita  preparations. 

14    galloDH  molasses. 
554^  ponods  mercury  and  its  salts. 
160    ponudB  maiigaiiese  aud  its  salts. 

8    onucee  uittate  of  silver. 
17    galloDS  cipirits  of  uitre. 
30    pouodB  stroutia  nitrate. 
10    pounds  salphur. 
15, 180^  pounds  sal  soila. 
3, 852    pounds  silicate  of  soda. 
44. 350    pounds  straw  boards. 
178J  pounds  sal  ammoniac. 
5, 430|  pounds  potasb,  varioas. 
217f  reams  paper.  ^ 

114, 430    pounds  paper. 
26    pounds  tobacco. 
3, 058    pounds  tallow. 
20    gallons  wbisky. 

PAINTS,   OILS,  ETC. 


300 

pounds  usphaltum. 

311 

gallons  beuziue. 

600 

callous  coal  tar. 

2;Wi  gallons  drier. 

33,987 

gallons  gasobne. 

3,079 

])Ounds  gilders'  whitiog. 

745 

ponods  kalsomiue. 

50 

gallons  lacker. 

515 

poundK  lampblack. 

576 

pounds  litharge. 

180 

iwunds  black  lead. 

1,080 

pounds  red  lead. 

51,162 

pounds  white  lead. 

60 

pounds  extract  of  logwood. 

521i  gallons  naphtha. 

57 

pounds  nut' galls. 

321  gallons  cantor  oil. 

220 

gallons  cod-liver  oil. 

636J  gallons  dressing  oil. 

1,988 

gallons  illiiiniiiiiliutt  oil. 

11,1405  gallons  lubricating  oil. 

6, 188|  gallons  oil,  mixing  paint. 

15,541 

pounds  paint,  dry. 

11,. 515 

pounds  paint,  in  oil. 

127J  gallons  paint,  in  oil. 

847 

pounds  putty. 

2,651 

gallous  petroleum,  &c. 

200 

pounds  petroleum,  &c. 

6 

gallonH  shellac. 

1,510 

pounds  shellac. 

l,342i  gallons  spirits  of  turpentine. 

1,126 

ponnds  burnt  umber. 

70 

l)oun<l8  raw  umber. 

789i  gallons  varnish. 

BBPOBT   or   THB   CHIEF   OF   (MtDHANCfi.  4f 

2,831    pouiidti  wbiCiiig. 
716    ponuils  zinc. 

HISCIBXUIBOUB. 

280    barrels. 

16  baeketB. 

16, 300     piiitteboard  boxes. 

637     packing  boxes. 
33,701     liri  hoxts. 

20  gHllons  bruwiiiiig  mizlore. 
248     tin  vaui. 

Vi    boxes  axle  grease. 
1, 149    ponods  ajcle  grease. 
6    borses. 

5  sots  liitriieBS. 
90     parts  harness. 

3,084J  feel  hose. 
2     hose  reels. 
11,567     poands  Japan  wax. 

8703  pounds  paukiiif;,  various. 
500    powder  cauistertii,  2  pnuods. 
500    powder  canisters,  .f  iwands. 
2    rabber  aprons. 
4    rubber  caps, 

6  rubber  coats. 

17  pairs  rabber  boots. 
42    pairs  robber  shoes. 

88, 152    rubber  rings. 

67  ■  pounds  rubber  rings,  &c, 
61     pounds  ahfiA  nibUcr,  • 

llli    feet  rubber  tubing. 
1,000    trees. 
652     tiuketii,  railroad  and  street  car. 

21  loads  saw  dusti 
20J  barrels  saw  dust. 

9    wbipa. 
1     wagon. 
50    parts  of  wagons, 
g  tons  fertiliaers. 


2    boats 


20  fly  nets. 

25, 340  wood  hoops. 

24  litn'iijis. 

24  linger  cots. 

12  borse  covers. 
2}^^  tons  finer  spar. 

MACHIKEB. 

1  band  saw,  witli  table  complete. 

1  bolt-heading  niacUine. 

1  creasing  machioe. 

4  drilling  uiacLiDeB. 

4  force  pomps. 

1  fire  plug. 
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16  poands  Uiup-wick. 

134  liiioji  wicks. 

343  [lonudm  Inliricating  compoand. 

46i  gross  matches. 

33  mops  and  h^udles. 

139  pounds  paraffiue. 

'160  piHiiiiis  piiinic»  stone. 

276  pouDds  rosin. 

*D9  pounds  rotten  stone. 

60  poands  rnbber  cement. 

62  reams  saud  paper. 

S,  796  poands  sea-coal  facings. 

110  barrels  sea-coal  facings. 

4, 821  pounds  soap. 

7S9  gallons  soft  soap. 

288  ponnds  sponge. 

18  stoves. 

67  parts  oi  stoves. 

26  poands  stove-polish. 

48  p.ipprs  siovc-pulisb. 

940^  feet  sluve-iiijiti, 

198^  IKiLinds  atove-pipe, 

798  li?i-i  steam  pipe  covering. 

2,061  papers  tripoli. 

12}  ponnds  poli.sbiDg  wbeels. 

26  ponnds  qnartz. 

UATEBIALS  FOB  OFFICE  TJSR. 

9  baskets. 

SO  sheets  oil  boards. 

1, 400  sheets  card  boards. 

6  caligraphs,  type-writers,  &c. 

15  chairs,  stools,  &c. 
1  clock. 

3,600  dials  for  watch  clock. 

46  drawing  Instmrnents. 

16  paus  drawiu)^  paint. 
12  bottles  drawing  psiat. 

6  electrotjpes.  ' 

20,676  envelopes. 

6  ink  erasers, 

4  bektographs. 

91  bottles  ink. 

1,906  ponnds  printers'  ink, 

10  pieces  India  ink. 

SO  bottles  India  ink. 

18  pieces  fodia-rabber. 

26,700  labels. 

60  boxes  labels. 

20, 000  paper  seals. 

1  letterpress. 

22  reams  letter  paper. 

22  boxes  paper  fastennert. 

146}  gross  pens. 

120  pencils. 


BEPOBT  OF  THE   CHIEF   OF    OBDHANOB. 

144  pencil-poiDt  protectors. 

6  spools  ribbons. 
2&^  gross  rubber  bands. 

58  rubber  stamps. 

202  poQDcls  sealing-wax. 

9, 200  tags. 

25  yards  tape. 
240  thumb-tackB. 

160  yards  tracing  clotb. 

2  boxes  eyelets. 

49  sheets  steocii  boa^s. 

LABOKATOBT  STOBB*. 

61  bottles  and  viaU. 

10  barometers  and  thermoRieters. 

9, 984  corks. 

298  cntcibles. 

42  gauge  glasses. 

2  glasK  breakers. 

52  glass  tabes. 

1  graduate. 

2  bydrotnet«rs. 
36  Jars. 

13  level  glasses. 

3  electric  batteries. 

200  ponnds  zinc  batteries. 

1, 316  materials  for  electric  batteries. 

2  retorts. 

\  ponnds  acid. 

[  gallons  acid. 
]  gallons  alcohol. 

DO  ponnds  alum. 

70  pounds  ammoniated  copper. 

258  pounds  antimony. 

6  gallons  aqua  ammonia. 

567|  pounds  beeswax. 

100,341  pounds  bone. 

683  pounds  borax. 

138  ponnds  camphor. 

211  ponnds  chalk. 

60  pounds  powdered  charcoal. 

1, 016  pounds  chloride  of  lime. 

108  boxes  concentrated  lye. 

240  ponnds  electropoin  fluid. 
4, 123}  ponnds  glue. 

60  ponnds  glycerine. 

10  pounds  gelatiua 

12  bottles  lioM  c)iloii«le. 

200  pounds  ground  glass. 

66  ponnds  gum  arable. 

46  pounds  gum  tragacanth. 

26  pouOdR  ground  pejiper. 
132  band  grenades. 

394  gallons  isinglass. 

10  jfOUtuls  isinglass. 


»  BEPOBT  or  THE  CHmi;^  OF   OBDNAKCK. 

5  ounces  iodioe. 

397    poands  iron  and  its  preparations. 
11    gallons  molasses. 
554J  poands  mercury  &ud  its  salts. 
160    ponnds  maugauese  aod  its  salts. 
8    onuees  nitiiit^  of  isilver. 
17    gallons  spirita  of  nitre. 
30    pounds  strontia  nitrate. 
10    ponnds  snlphnr. 
15, 180J  pounds  sal  soda. 
3, 852    pounds  silicate  of  soda. 
44, 350    pounds  straw  boards. 
nSi  pounds  sal  ammoniac 
5,  430j  pounds  potash,  varions. 
217f  reams  paper,  ^ 

114,430    pounds  paper. 
26    pounds  tobacco. 
3, 058    pounds  tallow. 
20    gallons  whisky. 

PAINTS.  OILS,  ETC, 

300  pounds  usplisltum. 

311  gallons  benzine. 

600  gallons  coal  tar. 

2;M)^  gallons  drier. 

33,987  gallons  gasoline. 

3.079  ]iouiids  gilders'  whiting. 
745  jiounds  kalsomiue. 

30  gallous  lacker. 

515  pounds  lampblack. 

576  pounds  litharge. 

180  [M>unds  black  lead. 

1.080  pounds  red  lead. 
51,162  pounds  while  lead. 

60    pounds  extract  of  logwood. 
621^  gallons  naphtha. 
57    ponnds  nut-galls. 
32^  gallons  castor  oil. 
220    gallons  cod-liver  oil. 
636^  gallons  dressing  oil. 
1,983    gallons  illiiiii  ii.itiii;.' oil. 
ll,140f  gallons  lubricating  oil. 
6, 188^  gallons  nil,  niixiTi^  paint 
16, 641     pounds  paint,  dry. 
11.516    pouuds  paint,  in  oil. 
127^  gallons  paint,  in  oil. 
847    pounds  putty. 
2,661     gallons  petroleum,  &c. 
200    pounds  petroleum,  &c. 

6  gallons  shellac. 
1,510    pounds  shellac. 

1,342J  gallons  spirits  of  turpentine. 
1, 126     pounds  burnt  umber. 
70    pounds  raw  umber. 
789J  gallons  varnish. 


BEPOST  OV   THB  CHIEF  01;'  OBDNANCE.  4f 


2,831     tx^uiiiU  whitiug. 
716    pouu(l»  zinc. 


MISCIOXAKBOirB. 


280 

barrels. 

16 

baskets. 

15,300 

l»iisteboard  boses. 

637 

|)iieking  bojte«. 

33,701 

tin  Itoxes. 

20 

giilloiis  browning  mixUire. 

248 

till  riius. 

12 

boxes  axle  grease. 

1,149 

pounds  axle  grease. 

6 

borses. 

5 

si>ls  Litruess. 

90 

Iiiirts  biiriiess. 

3, 084  J 

ffet  hose. 

2 

hose  reels. 

11,567 

pouudB  Japan  wax. 

8709  pouudH  packing,  various. 

500 

powder  cauistenn,  2  pnuDds. 

600 

powder  canisters,  5  jwanrts. 

2 

rnbber  aprons. 

i 

rubber  caps. 

6 

rubber  coats. 

17 

pairs  rubber  boots. 

42 

pairs  rubber  shoes. 

88,152 

rubber  rings. 

57 

■  pounds  rubber  rings,  &«. 

61 

pounds  sLcot  nil>lu'r.                   i 

U2 

feet  rubber  tubing. 

1,000 

trees. 

652 

tickets,  railroad  and  street  oar. 

21 

loads  sawdust. 

20J 

barrels  saw  dast. 

9 

whips. 

1 

wagon. 

50 

partts  of  wagons. 

H 

ik  tons  feFtUizers. 

26,340     v\o.)il  hoops. 
24     till  nips. 
24    finger  cots. 
12    borse  vovere. 
23!^  tons  fluer  spar. 

MACHINKS. 

1  band  »a-»,  witb  table  coiuplel*'. 

1  bolt- head  iijfi  machine. 

1  creusing  toiicliini-. 

4  drilling  biiicliines. 

4  force  pnmps. 

1  tire  plug. 
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8    ouDces  iodine. 
397    pounds  troD  and  its  preparations. 

11    gallons  molas.sps. 
554^  ponnds  ut^rcury  ami  itJi  salts. 
150    ponnds  maii(;auege  aui\  its  salts. 
8    OQDces  iiitriit*  ol  silver. 
17    gallons  upirits  of  uitre. 
30    pounds  strontia  nitrate. 
10    ponnds  sulphur. 
16, 180^  ponnds  sal  soila. 
3, 862    pounds  silicate  of  soda. 
44,350    pounds  straw  boards. 
178^  pounds  sal  ammoniac. 
5, 430J  iwnuds  potash,  varions. 
217|  reams  paper.  ^ 

114, 430    ponnds  paper. 
25    ponnds  tobacco. 
3,058    pounds  tallow. 
20    gallons  whisky. 

PAINTS,  OILS,  BTO. 

300  pounds  usphaltnm. 

311  gallons  benziut;. 

600  gallons  coal  tar. 

2;WJ  gallons  drier. 

33, 987  gallons  gasoline. 

3.079  jiounds  gilders'  whitiDg. 
745  )iounds  kalsomiite. 

50  ^allon.s  lacker. 

515  ))ounds  hinipblack. 

576  pounds  litharge. 

180  [wunds  black  lead. 

1.080  pounds  red  lead. 
51,162  ponnds  while  lead. 

60    pounds  extract  of  logwood. 
621^  giillons  naphtha. 
57    pounds  nut-galls. 
32^  galloDB  castor  oil. 
220    galloua  cod-liver  oil. 
636^  gallons  dressing  oil. 
1,988     gallons  ilhiuiinaliii^' oil. 
11,1403  gallons  liihnoaiinjjoil. 
6, 1S8|  gallons  oil,  mixing  paint. 
15, 541    pounds  paint,  dry. 
11.515    pounds  paint,  in  oil. 
127^  gallons  paint,  in  oil. 
847    pounds  putty. 
2,651     gallons  petroleum,  Stc. 
200    pounds  i>etroleum,  &c, 
6    gallons  shellac. 
1,510    pounds  shellac. 
1,342^  gallons  spirits  of  turpentine. 
1,126     pounds  burnt  umber. 
70    pounds  raw  umber, 
789^  gallons  varnish. 
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2,831     pouridH  whitiiig. 
716    pouudt)  zinc. 

MlBOiaOMUUtOVB. 

280    harrela. 
16    baskets. 
16,300     [latiteboard  boxes. 

637     jiackiiig  boxes. 
33,701     till  Imxes. 

20  j;al]oii.s  bioutiiiig  inixtare. 
248    tiu  eauB. 

12    boxes  axle  grease. 
1, 149    ponods  axle  grease. 
6     liorses. 

5  .sot.s  LiTriie.s.s. 
90     iiiitts  barncss. 

3, 084^  foet  lioee. 

2  hose  reeU. 
11,567     pounds  Japan  wax. 

870f  pounds  packing,  various. 
500    powder  canisterb,  2  pounds. 
500    powder  canisters,  5  pounds. 

3  rubber  aprons. 

4  rubber  caps. 

6  rubber  coats. 

!7     pairs  robber  boots. 
42    pairs  rubber  Bboeti. 
88, 153    rubber  rings. 

57  ■  pounds  rubber  rings,  &e. 
61     pounds  sbft't  rulilior.  • 

U'J    feet  rubber  tubing. 
1, 000    trees. 
652    tickets,  railroad  and  street  car. 

21  loads  saw  dust. 
20i  barrels  oaw  dns't. 

9    wbips. 

1  wagon. 

50    partir  of  wagons. 
mfi  tons  fertilizers. 

2  boats. 
20    fly  nets. 

25, 340     wood  boops. 
24     tin  <^ups. 
24     finger  cots. 
12     borse  covers. 
2jyVfe  tons  ^^^^  ^P^- 

MACHIWEB. 

1  baud  8aw,  witU  table  coiupletf. 

1  bolt-heudiug  machine. 

1  ci-easing  macliine. 

4  drilling  macbines, 

4  force  pnmpH. 

1  fire  plug. 
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1 

grappling  hay  fork. 

3 

griudiDg  machines. 

3 
375 

lawn  mowers. 

parts  of  mowing  machine. 

15 

lathes. 

138 

parts  of  machines,  various. 

1 

metal-working  machine  (No.  4  double 
complete). 

^eamin^ 

2 

mowing  machines. 

1 

,  planing  machine. 

1 

pipe-cutting  and  threading  machine. 

1 

portable  furnace. 

« 

1 

slotting  machine. 

2 

saw  arbors,  complete. 

1 

shaping  machine. 

1 

scraper  (2-horse,  wheel). 

5 

steam  boilers. 

1 

steam  heating  apparatus. 

3 

screw  machines. 

15 

parts  screw  machine. 

1 

water  elevator. 

6 

wood-working  machines,  viz: 

1 

baud-saw  filing  machine. 

1 

band-saw  setting  machine. 

2 

yoke  saw  arbors. 

• 

1 

"  buck  ^  groover  head. 

1 

16-inch  wood-turning  lathe  head. 

2 

Bouleng^  chronographs. 

1 

engineer's  transit. 

1 

Vernier  caliper. 

TOOT^. 

152 

awls. 

41 

axes. 

machiu 


72  bits. 

3  braces. 

3, 184  brushes  and  sash  tools. 

183  buckets; 

684  carpenters'  tools,  various. 

999|  pounds  chalk  lines. 

132  chisels. 

7  chucks. 
56  coal  hods. 

8  clamps. 
725  drills. 

13  sets  drills. 

125  drifts. 

4  grass  books. 
43  die  and  stocks. 

15,764  files. 

127  iorks  (hay  and  manure.) 

3  gauges. 

1  set  gauges. 

116, 265  pounds  grindstones. 

260  hatchets  and  hammers. 

1  harrow. 
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1,294 

handles. 

66 

hoes. 

239 

knives,  saddlers',  &o. 

2 

kettles. 

2 

ladders. 

4 

sets  letters  and  figures. 

327 

mallets. 

4 

measures. 

26 

pairs  nippers. 

344 

papers  needles. 

323 

oil  caps  and  oilers. 

311 

oil  stones. 

16 

planes. 

16 

plane  irons. 

4 

plows. 

4 

plow  points. 

19 

picks. 

361 

pnnches,  assorted. 

169 

rakes. 

2,522 

rasps. 

12 

riret  set*. 

92 

rules. 

1.919 

smiths'  tools,  various. 

41 

saddlers'  tools,  varioufl. 

46 

sandstones. 

42 

'spades. 

221 

shovels. 

2 

platform  scales. 

2 

counter  scales. 

73 

saws. 

369 

saw  blades. 

45 

pair  shears. 

412 

screw  drivers. 

134 

scythes. 

197 

scythe  stones. 

69 

scythe  snaths. 

46 

sieves  and  sifters. 

13 

steel  stamps. 

49 

stencil  letters. 

2 

trucks. 

3 

tinners'  tools,  various. 

1 

tire  setter. 

12 

tape  lines. 

109 

taps  and  reamers. 

3 

sets  taps  and  reamers. 

3 

trowels. 

125 

vises. 

214 

wrenches. 

50 

wheelbarrows. 

Appendix   3. 


Sfat^nent  of  ordnance^  ordnance  storeSj  dkCj  issued  to  the  military  estab- 
lishment j  including  the  national  homes  for  soldiers  of  the  volunteer  and 
regular  Army^  and  exclusive  of  the  militiaj  during  the  fiscal  year  ended 
June  30,  1886. 

Class  I. 

1  Gatling  gun,  5  short  barrels,  caliber  .45^^ 

3  Gatling  guns,  10  long  barrels,  caliber  .45" 

'2  Hotcbkiss  mountain  guns,  caliber  1.^65. 

1  6-pouuder  bronze  gun. 

1  10-pounder  Parrott  gun. 

5  light  12-pounder  bronze  guns. 

1  12-pounder  mountain  howitzer. 
3    8-inch  converted  rifles. 

2  llinch  converted  rifles. 

Glass  U. 

2  Gatling  gun  carts. 

2  Gatling  gun  carriages  and  limbers. 

2  Hotchkiss  mountain  gun  carriages. 

3  6-ponnder  gun  carriages. 

4  3 -inch  gun  carriages. 

8  4.5-inch  gun  carriages. 

10  12-pounder  gun  carriages. 

4  8inch  howitzer  carriages. 

6  8-inch  barbette  carriages. 

1  11-inch  barbette  carriage. 
12    3-inch  gun  caissons. 

4  12-ponnder  gun  caissons. 

8    portable  forges  with  tools,  complete. 

Class  m. 

136    harness  bags. 

2  maneuvering  bars. 

5  pinch  bars. 

3  baskets  for  mortar  implements. 
2    wooden  forge  buckets. 

5    iron  sponge  buckets. 
10    wooden  sponge  buckets. 

4  iron  tar  buckets. 

119    gutta-percha  water  buckets. 
8    leather  water  buckets. 

50 
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4  wooden  water  buckets. 

2  elevating  arcs,  llinch  rifle. 

2  elevating  arcs  and  indices,  8-iucli  rifle. 

1  elevating  arc  and  index,  11 -inch  rifle. 

1  elevating  arc  and  index,  15inch  gun. 

2  elevating  arcs  and  trannions,  llinch  rifle. 

4  indices,  15inch  gan. 
14  fuse-blocks. 

5  fuse  cutters. 

1  fuse  plug  reamer. 
37  gunners'  gimlets. 

9  gunners'  haversacks. 

3  gunners'  levels. 

6  gunners'  pincers. 

5  gunners'  quadrants. 

14  breech  sights,  8-inch  gun. 

8  breech  sights,  15inch  gun. 

3  breech-sight  seats  and  screws. 

2  muzzle  sights,  3-inch  gun. 

4  muzzle  sights,  12pounder  gun. 
12  muzzle  sights,  8- inch  gun. 

1  muzzle  sight,  15-inch  gun. 

24  handspikes,  maneuvering. 
12  handspikes,  8-inch  rifle. 

17  handspikes,  trail. 

1  handspike,  mountain  howitzer. 

2  sets  harness,  l-horse,  Hotchkiss  mountain  gniL 

12  sets  harness,  21ead  horses. 
19  sets  harness,  2-wheel  horses. 

2  sets  harness,  Laidley  cavalry  forge. 

2  sets  harness,  mountain  howitzer  carriage. 

1  common  lantern. 

1  dark  lantern. 

13  globe  lanterns. 

8  magazine  lanterns. 

51  lanyards. 

2  muzzle  covers. 

2  pack  saddles  afid  bridles. 

2  packiog  pouches. 

l3  paulins,  8  by  10  feet. 

96  paulins,  12  by  15  feet. 

10  pendulum  hausses,  3-inch  gun. 

7  pendulum  hausses,  12-pounder  gun. 
19  pendulum  hausse  pouches. 

3  powder  funnels. 

4  powder  measures. 
2  powder  scoops. 

18  priming  wires,  field  gun. 
68  priming  wires,  siege  gun. 

25  prolonges. 
4  quoins. 

1 ,  rammer  and  staff,  3.2-inch  gun. 

2  rammers  and  staves,  4.5-inch  gun. 

10  rammers  and  staves,  8inch  rifle. 

4  rammers  and  staves,  11-inch  rifle. 

100  securing  stakes. 
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■» 

9  shell  hooks. 

39  spoDge  covers,  3-iDoh  gun. 
2  sponge  covers,  3.2-iQch  gun. 
4  spoDge  covers,  G-poander. 

52  sponge  covers,  12>poander. 

12  sponge  covers,  mountain  howitzer. 

28  sponges  and  rammers,  3-inch  gun. 

1  sponge  and  rammer,  3.2-inch  gun. 

12  sponges  and  rammers,  6-pounder  gun. 

27  sponges  and  rammers,  12-i)ounder  gun. 

11  sponges  and  rammers,  mountain  howitser. 

4  sponges  and  staves,  Hotchkiss  mountain  gun. 

2  sponges  and  staves,  4.5-inch  gun. 
'  18  sponges  and  staves,  8-inch  rifle. 

64  thumbstalls. 

6  tompions,  6-x>ounder  gun. 
16  tompions,  3-inch  gun. 

10  tompions,  12-pounder  gun. 

1  tompion,  mountain  howitser. 
4  tompions,  30-poander  gun. 

7  tompions,  4.5-inch  gun. 
54  tompions,  8-inch  gun. 

2  tompions,  10-inch  gun. 

4  tompions,  11-inch  rifle. 

12  tompions,  13inch  gun. 

40  tompions,  15-inch  gun. 
1  tompion,  20-inch  gun. 

33  tube  pouches. 

85  vent  covers. 

53  vent  pieces. 
32  vent  punches. 

5  water  tubs. 

56  wipers  for  mortars. 

18  worms  and  staves. 

IMPLEMENTS  FOR  GATLING  CKJll. 

1  cam  extractor. 

3  clamps  for  worm  gear. 

3  drifts. 

2  elevating  screws. 
194  feed  cases. 

4  feed  magazines. 

2  gun  beds  and  frames. 

6  gun  covers. 
4  handspikes. 

4  headless  shell  extractors. 

2  pointing  levers. 
1  oscillator. 

4  lock  screw  drivers. 

4  small  screw  drivers. 

4  T  screw  drivers. 

3  shell  drivers. 

4  wiping  rods. 

5  ac^usting  screw  wrenches. 
1  elevating  screw  wrench. 
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4  piD  vrenohes. 

3  rear-gaide  oat  wreochea. 

2  nuts  accusuouea,  HotcbkisH  moantsiu  kod. 

3  covers  Hotchkifls  moantain  guo. 

01.ASSBB  rv  ADD  y. 

50  6-pODuder  ehot. 

260  3-iuch  Bbot. 

80  4.5-tiK:ti  fibot 

100  30-poflDder  shot. 

9S0  8-iuch  sbot. 

100  10  iDch  abot. 

36  11-ineh  shot. 

200  tS-inch  Bbot 

100  l^-JDcb  shell  and  cartridge  case. 

20  2.9-iiicb  Bbell. 

3^  3-incb  shell. 

520  3.2-iucb  BbeU. 

166  4.5-iDcb  shell. 

BO  .10- pounder  shell. 

100  8-jnch  mortar  shell. 

260  lO-incb  gun  shell. 

100  lO-incb  mortar  shell. 

lOU  13-iDcb  mortar  ahell. 

1  20-iucli  guD  shell 

80  6'poiiDder  ease  shot. 

417  :)-inch  cas6  shot. 

130  3.^-incb  case  Bhot. 

100  l'J-|iouuder  case  sbot. 

20  O-ponudercauister 

886  3-iDGh  cauister. 

100  12-poaDder  canister. 

Class  VI. 

2, 140  Springfield  carbines,  caliber  .45". 

736  Coil's  revolvers,  caliber  .45" 

24  Scbotield's  Smith  and  WewMini  revolver.'*,  caliber  .45". 

1  Cbali'ee-Ueece  magazine  ritie,  ciiliber  .45"- 

1  Lee  magazioe  rifle,  caliber  .45". 

.17, 796  Springtied  rifles,  caliber  .45". 

50  Springfield  cadet  rifles,  caliber  .45". 

16  Springfield  sbotgnnft. 

6  artillery  sabers. 

161  cavalry  sabers. 

63  masicians'swoi'ds.  * 

4iB  uoL-cuuimissioued  officers'  swords. 

163  banting  knives. 

Class  Vll. 

AETILLEBY  ACOOUTBRMRNTS. 

60  knapsacks  for  light  battery. 

169  saber  belts. 

166  saber-belt  plates. 
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CAYAIiRT  AOOOUTBB^tfiNTS. 

541  canteeDs  and  straps  with  snaps. 

1, 286  canteen  straps. 

I  cartridge  belt,  woven, 

ly  334  carbine  slings. 

997  carbine-sling  swivels. 

1, 596  pistol  holsters. 

iy  994  saber  attachments. 

2 J 119  saber  belts. 

2, 194  saber-belt  plates. 

1, 225  saber  knots. 

423  pairs  saber  straps. 

INPANTBY  AOOOUTERMENTS. 

2, 225  bayonet  scabbards,  steel. 

29  bayonet  scabbards,  trowel  bayonet. 

Ij  379  blanket  bags. 

159  blanket  and  coat  straps. 

2, 582  blanket  bag  coat  straps. 

2y  732  blanket  bag  shoulder  straps. 

6, 116  canteens. 

124  canteen  covers. 

15  canteen  corks  and  chains. 

3, 181  canteen  straps. 

.    2, 875  cartridge  belts. 

1, 441  cartridge- belt  plates. 

4, 999  cartridge  boxes. 

59  cartridge  boss,  shotgun  cartridges. 

2, 811  clothing  bags. 

2, 782  clothing-bag  straps. 

4, 521  forks. 

4, 721  knives. 

4, 532  spoons. 

295  frogs,  bayonet  scabbard. 

24  firogs,  sliding. 

5, 629  gun  slings. 

2, 118  haversacks. 

1, 988  haversacks  and  straps. 

2, 525  haversack  straps. 

39  intrenching  tool  scabbards. 

4, 318  meat  cans. 

5,  759  tin  cups. 

39  waist  belts  and  plates,  uon  com  missioned  officers'. 

4,  712  wais^  belts. 

4, 388  waist-belt  plates. 

APPENDAGES. 

95  brushes  and  thongs. 

48  bullet  molds. 

17, 499  headless  shell  extractors. 

17,974  screw  drivers. 

423  screw  drivers^  revolver. 

I  screw  driver,  Lee  rifle. 
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814  spring  vises. 

3, 257  tambler  panches. 

2  wiping  brashes,  Lee  rifle. 

17  wiping  rods,  shotgun. 

23, 230  wiping  rods,  wood. 

20  wire  caliber  brashes. 

27  wire  scratch  brashes. 

HORSE  EQUIPMENTS. 

• 

2, 971  curb  bridles. 

1, 008  watering  bridles. 

10  carbine  sockets  and  straps. 

5, 260  carbine  boots  and  straps. 

892  cinchas  or  hair  girths. 

3, 489  carry  combs. 

187  crappers. 

80  forage  sacks. 

12  girths. 

3, 464  halters. 

6, 052  halter  straps. 

5, 192  horse  brashes. 

2, 103  horse  covers. 

3, 064  lariats. 

2, 509  links. 

4, 998  nose  bags. 

1, 775  picket  pins. 

9, 257  saber  straps  for  cavalry  saddle. 

1, 154  saddles. 

32  saddle  bags,  canvas. 

869  saddle  bags,  leather. 

4, 303  saddle  blankets. 

50  saddle  cloths,  hair. 

1,  664  side  lines. 

72  side-line  fasteners. 

89  spars  and  straps,  Mills'. 

2, 609  spars. 

2, 010  spar  straps. 

3, 925  stirraps. 

3  stirraps  with  gaidon  sockets. 

1, 340  stirrnp  straps. 

2, 290  surcingles. 

Class  VIII. 

SMALL.- ARM  AMMUNITION. 

carbine  ball  cartridges,  caliber  .45^^ 


1,  469,  000  i»iruiiit9  uaii  (;2u:i/i-iu^eB,  i»uiut?r  .tui". 

289, 469  revolver  ball  cartridges,  caliber  .45''. 

296, 000  revolver  blank  cartridges,  caliber  .45''. 

3,  750, 100  rifle  ball  cartridges,  caliber  .45". 

10, 000  rifle  ball  cartridges,  caliber  .50". 

385, 000  rifle  blank  cartridges,  caliber  .45". 


round  balls,  caliber  .45". 


5^^,  uuu 

1.  110,  925  rouDU  uaiis,  caiiuer  ao", 

2, 263, 000  carbine  ballets,  caliber  .45". 

348, 000  revolver  ballets,  caliber  .45". 
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6, 998, 300  rifle  bullets,  caliber  .45''. 

155, 567  poands  small-arm  powder. 

1 2, 613, 800  cartridge  primers. 

12, 264  cartridge  shells. 

25  pounds  backshot. 

18, 025  poands  shot. 

4, 168, 500  cartridge  wads. 

35>  shotgun  outfits,  except  tools  and  cases. 

AMMUNITION  FOB  CANNON. 

8,  028  blank  cartridges,  ^-ponnd  charge. 

2, 280  blank  cartridges,  l-pound  charge. 

1,  676  blank  cartridges,  l^-pound  charge. 

18,  754  blank  cartridges,  2-pound  charge. 

7,  670  blank  cartridges,  Opounder  gun. 

18, 814  blank  cartridges,  3-inch  gun. 

120  blank  cartridges,  3.2  inch  gan. 

5, 950  blank  cartridges,  light  12pouuder  gun. 

8«  300  blank  cartridges,  mountain  howitzer. 

145  metallic  fhzes. 

1, 800  paper  fuzes. 

150  percussion  fuzes. 

11, 600  pounds  cannon  powder. 

25, 500  pounds  hexagonal  powder. 

5, 000  pounds  mammoth  powder. 

350  pounds  mealed  powder. 

20,  200  pounds  mortar  powder. 

2, 010  electric  primers. 

169, 228  friction  primers. 

Class  IX. 

189  arm  racks. 

1,824  sharpshooters'  badges. 

337  silver  bars  for  sharpshooters'  badges. 

282  assorted  blocks. 

15, 308  marksman's  buttons. 

1  capstan. 

4  capstan  bars. 

1  hand  cart. 

7  sling  chains. 

86  assorted  chocks. 

1  gun  collar. 

6  cranes. 

150  disks,  shot  mark. 

12  fencing  bayonet  blades. 

12  fencing  masks. 

12  fencing  muskets. 

433  signal  flags. 

1  casemate  gin. 

1  field  and  siege  gin. 

2  garrison  gins. 
2  gin  falls. 

2  gin  handspikes. 

282  halyards. 

30  intrenching  tools. 
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3  hydraulic  Jacks. 
2,242  marksman's  piiio. 

8  murkiug  rods,  disks,  and  brushes. 

4  mortar  platforms. 
fiOO  mnzzle  pings. 

IS  pinch  bars. 

33  shiftiDiT  pl»Dks. 

13  pliitca  for  gallerj-  practice. 

ft  differeutial  pulleys. 

88  a8Hurt«(]  rollers, 

1  fiheavv,  gnu  Jift. 

498  shot  marks  and  Htaves. 

24  skids. 

317  Btreamers. 

3  plane  tables. 

PABTS  OF  BBmrOK  TABOET. 

36  targets,  compleM. 

4  carriages. 

90  clamps. 
261  frames. 

2  hooka. 
6  pulleys. 

i  pairs  rods. 

PABTB  GDSHINO'S  TARGET. 

43  targets,  complete. 

30  braces. 

15  CI-OM8  iiieces. 

112  fraiiifM. 

SI  truck  frames. 

12  track  wheels. 

PABTS  OP  LATDLEY'B  TABGBT. 

307  targetfl,  complete. 

48  axles. 

3  axles,  with  pins  and  wedges. 
10  ceiittT-liiwks  and  piDB. 

62  journal  boxes. 

61  lever  boxes. 

148  nave  boxes. 

8  braces. 

*  2S9  cross  piec«8. 

0,435  steel  frames. 

10  joamal  po8t«. 

91  levers. 

sis  sp]  iiifre,  with  blocks, 

669  uprights. 

70,924  paper  targets. 

21  Texas  targets. 

19, 646  target  centers. 

364  target  covers. 

1^  613  target  frames. 
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1 4, 507, 250  target  pasters. 

515  target  rails. 

17, 068  cloth  silhoaettes. 

115, 577  paper  silhonettes. 

2  trace  ropes. 

*^  pairs  eccentric  trannion  rings, 
tmnnion  rings. 


3 
72 
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49  sets  bench  tools,  complete. 

47  sets  hand  tools,  complete. 

88  combination  anvils. 

7  ball  molds. 

132  brush  wipers. 

21  adjustable  powder  chargers. 

1  bench  crimping  die. 

37  crimping  and  reloading  dies  for  revolver  cartridges. 

118  crimping  and  reloading  dies  for  n&e  cartridges. 

109  bench  resizing  dies. 

39  resizing  dies  for  revolver  shells. 

357  resizing  dies  for  rifle  shells. 

42  drifts. 

2  primer  extractors. 

94  primer  extractor  pins. 

21  funnels. 

35  ladles. 
255  mallets. 

29  nil  cans. 

91  priming  tools. 

617  ]>riming  tool  pins. 

15  reloading  punches  for  revolver  cartridges. 

171  reloading  punches  for  rifle  cartridges. 

244  resizing  punches. 

36  shell  scrapers. 
7  strainers. 

1  uncapping  bolt  for  priming  tool. 

3  washers. 

20  wiping  rods. 

TOOLS  FOB  SHOTGUN  OUTFITS. 

28  brush  wipers. 

26  canisters. 

4  drifts. 

2  field  cases. 
4  funnels. 

2  priming  tools. 

20  powder  and  shot  chargers. 

Glass  X. 

PARTS  OF  CLASS  I. 

6  firing  pins  for  Oatling  gun. 

4  pointing  rings  for  3-inch  rifle. 

1  steel  breech  bushing  for  12-inch  rifle. 

1  steel  tube  for  12-iuch  rifle. 
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PABTS  OF  CLASS  n. 

4  eccentric  axles. 
1  assembling  bar. 

1  assembling  stud  bolt. 

30  bolts  and  nnts. 

1  foot  board  for  cavalry  forge. 

1  front  prop  catch,  rod,  and  ring  for  cavalry  forge. 
10  hounds. 

6  keys  for  ammunition  chest. 

5  linch  pins. 

2  naves  for  cavalry  forge. 

2  oilers  for  Oatling  gun  carriage. 

40  poles. 

4  pole  lifts. 
10  pole  yokes. 

2  rails. 

1  rear  prop  pull,  rod,  and  ring  for  cavalry  forge. 

6  retracting  ropes,  hemp. 

2  retracting  ropes,  steel  wire. 
1  pair  shafts. 

1  sill  for  cavalry  forge. 

1  splinter  bar. 

6  stay  pins  for  ammunition  chest. 

1  stock  for  caisson. 

1  stock  for  carriage. 

6  washers. 

1  wheel  for  cavalry  forge. 
18  wheels. 

2  whiffletrees. 

PARTS  OF  CLASS  m. 

5  brass-plated  bits. 
32  artillery  bridles. 

2, 197  brass-plated  buckles. 

427  iron  roller  buckles. 

29  collars. 

1  girth. 

75  halters. 

20  halter  chains. 
65  halter  straps. 

1  pair  hames. 

10  hame-straps. 

5  leg  guards. 

48  pole  pads. 

21  pole  straps. 
62  rammer  heads. 

12  rammer-head  bands. 

94  rosettes  for  artillery  bridles. 

12  leather  seats  for  drivers'  saddles. 

43  sponge  heads. 

480  woolen  sponges. 

14  brass  stirrups. 

12  lead  traces. 

4  traces  for  patent  bar. 

12  wheel  traces. 

160  whips. 
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PARTS  OF  CLASSES  IT  AND  Y. 

6  brass  tips  fbr  shrapnel. 
300  copper  bands  for  shell. 

40  fuze  plugH,  metallic. 

1, 500  faze  plug^s,  wood. 

90  sabots. 

M  tin  straps. 

PARTS  OF  GLASS  VL 

Parts  of  Springfield  carbme. 

12  barrel  stnds. 

23  bauds. 

10  butt  plates. 

10  butt  plate  sci*ew8. 
272  front  sights. 

1,038  ffont-sigbt  covers. 

317  front-sight  cover  screws. 

11  front-sight  cover  springs. 

11  front-sight  cover  friction  springs. 

4  fiont  sight  cover  stnd  pins. 

272  front-sight  pins. 

1, 647  jointed  ramrods. 

166  rear  sights. 

35  rear-sight  bases. 

50  rear-«ight  .base  screws. 

113  rear-sight  leaves. 

11  rear-sight  joint  pins. 

952  stocks,  wood  parr. 

9  swivel  bars. 

Ill  swivel-bar  rings. 

Parts  of  Springfield  rifle. 

11  lower  bands. 

HI  upper  bands. 

24  band  springs. 

7  bayonets. 

156  bayonet  clasps. 

502  bayonet-clasp  sen  ws. 

10  bayonet-clasp  stop  screws. 

6  rod  bayonet  springs. 

66  breech-block  caps. 

1. 756  breech  block  cap  screws. 

2, 223  bridles. 

2, 270  bridle  screws. 

3  butt  plates. 

15  butt- plate  screws. 

2,883  cam -latch  springs. 

5, 845  ejector  v^prings. 

5, 578  ejector-spring  spindles. 

131  ejector  studs. 

3, 885  extractors. 

6, 833  firing  pins. 
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2, 859  firiDgpin  screws. 

6  firing-pin  springs. 

336  front  sights. 

6, 203  fron^sight  covers. 

313  front-sight  pins. 

3  guard  l^ws. 

10  gnard-bow  nnts* 

89  gaard-bow  swivels. 

213  gnard-bow  swivel  screws. 

654  guard  screws. 

147  hammers. 

850  hinge  pins. 

70  hinge-pin  studs. 

6  locks. 

51  lock  plates. 

1, 849  mainsprings. 

895  mainspring  swivels. 

1, 210  mainspring  swivel  rivets. 

3, 266  pistol  gri])s,  metallic.  . 

40  pistol  grips,  wood.  * 

508  pistol-grip  screws. 

141  ramrods. 

264  ramrod  stops. 

157  rear  sights. 

122  rear-sight  base  screws. 

56  rear-sight  base  springs. 

170  rear-sight  leaves. 

30  rear-sight  plates,  buckhom. 

68  rear-sight  centering  pins. 

52:^  rear-sight  joint  pins. 

32  rear-sigbt  slides. 

24  rear-sight  slide  blocks. 

130  rear-sight  slide  gibs. 

66  rear-sigbt  slide  plates. 

58  rear-sight  slide  screws. 

94  rear-sight  slide  springs. 

102  rear  sight  screws. 

56  leaf-slide  binding  screws. 

56  windage  screws. 

1, 706  sears. 

3, 858  sear  screws. 

2, 455  sear  springs. 

ly  320  sear-spring  screws. 

494  side  screws. 

122  side-screw  washers. 

549  stocks,  wood  part. 

305  tang  screws. 

18  thumb  pieces. 

12  stock  tips. 

14  tip  screws. 

15  triggers  for  officer's  rifle. 
3, 400  triggers. 

1, 163  trigger  screws. 

2,231  tumblers. 

125  tumblers,  swiveled. 

2, 878  tumbler  screws. 
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5  firing  pins  for  Chaffee-Reece  rifle. 

5  firing  pins  for  Hotchkiss  rifle. 

5  firing  pins  for  Lee  rifle. 

1  magazine  for  Lee  rifle. 

2  ejector  springs  for  Springfield  shotgun. 
86  extractors  for  Springfield  shotgun. 

3  stocks  for  Springfield  shotgun. 

Parts  of  OoWs  revokwr. 

20  back  straps. 

291  back-strap  screws. 

88  bolts. 

132  bolt  screws. 

121  center  pins. 

70  center-pin  bushings. 

349  center-pin  catch  screws. 

30  center-pin  screws. 

60  cylinders. 

95  ejector  heads. 

139  ejector  rods. 

120  ejector  springs. 

24  ejector  tubes. 

122  ejector-tube  screws. 
70  firing  pins. 

70  firing-pin  rivets. 

10  frames. 

20  gates. 

10  gate  catches. 

26  gate-catch  screws. 

51  gate  springs. 

10  guards. 

212  guard  screws. 

167  hammers. 

20  hammer  cams. 

7  hammer  rolls. 

5  hammer  roll  rivets. 
101  hammer  screws. 
120  hands. 

192  hand  springs. 

135  main  springs. 

127  main-spring  screws. 

15  recoil  plates. 

81  sear  springs. 

53  sear-spring  screws. 

144  sear  and  stop-bolt  springs. 

81  sear  and  stop-bolt  spring  screws. 

11  stocks. 
143  triggers. 

130    trigger-screws. 

Parts  of  SohofieUPs  Smith  &  Wesson  Revolver. 

6  barrel  catches. 

10    barrel-catch  screws. 
10    banel-catcb  springs. 
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5  base  pins. 

4  cyliDder  catches. 

4  cylinder  catch  came. 

6  cylinder  catch  screws. 
13  tjcctorspiiiifis. 

6  extractors. 

3  extractor  spriugs. 

4  extractor  stems. 
€  extractor  studs. 
3  friction  collars. 

3  guard  Bcrews. 
4"  liammers. 

4  hammer  stndti, 
10  hands. 

10  hand  pins. 

10  band  springs. 

3  joint  pivots. 

4  joint-pivot  screws. 
3  lifters. 

3  malD  spriu}rs. 

2  main-Bpring  swivels. 

3  pawls. 

3  pawl  plus. 

3  pawl  springs. 

4  side-plate  screws. 
6  stocks. 

6  stock  pins. 

8  stock  screws. 

3  stops. 

3  stop  pins. 

3  stop  springs. 

3  stmiii  Screws. 

4  swivel  pins. 
2  triggers. 

2  trigger  pins. 

4  trigger  springs. 

4  tngger-spriug  pins. 

1  steel  scabbard  for  musician's  sword. 

PARTS  OF  CLASH  Til. 

11  curb  bits. 

100  bridle  ornaments. 

6, 366  brass  bar  buckles. 

3, 514  brass  wire  buckles. 

1,470  iron  hat  buckles. 

3, 106  iron  roller  buckles. 

259  cincha  straps. 

190  coat  straps. 

60  curb  straps.  * 

20  girCb  straps. 

1,480  doDble-spririg  suiip  hooks. 

3, 668  pros.-*  brass  escutcheon  pins. 

196  baiter  bolt.s. 

€  halter  chains. 

312  halter  ring-s. 
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498  halter  sqaares. 

Ij  416  japanned  nails. 

1, 960  ovals. 

1, 940  brass  rings. 

258  iron  D  rings. 

618  iron  rings. 

287  canteen  strap  snai)B. 

.  20  link  snaps. 

120  saber-belt  snaps. 

*  300  side-line  snaps. 

68  steel  snaps. 

30  saber-belt  studs. 

12  saddle  bag  studs. 

2, 280  brass  foot  staples. 

3, 420  brass  staples  for  rings. 

200  pairs  stirrup  hoods. 

410  yards  webbing,  4  inches  wide. 

24  yards  webbing,  7^  inches  wide. 

PARTS  OP  GLASS  Vm. 

516  cartridge  bags,  J -pound  charge. 

3, 200  cartridge  bags,  6-pouuder  gun. 

8,  750  cartridge  bags,  12-pouuder  gun. 

700  cartridge  bags,  30-pounder  gun. 

500  cartridge  bags,  32-pounder  gun. 

380  cartridge  bags,  300-])oun(ler  gun. 

10, 991  cartridge  bags,  3-inch  gun. 

500  cartildge  bags,  3.2-inch  gun. 

4, 200  cartridge  bags,  4.5  inch  gun. 

1, 500  cartridge  bags,  8-inch  gun. 

1,  433  cartridge  bags,  10-inch  gun. 

700  cartridge  bags,  11-inch  gun. 

250  cartridge  bags,  15inch  gun. 

500  fuzes,  unfilled. 

PARTS  OF   CLASS  IX. 

1    leg  for  sheave  for  Laidiey's  gun  lift. 
1  •  pry -pole  for  field  gin. 

PABT  SECOND. 
CLOTH,  ROPE,  THREAD,  ETC. 

200    yards  burlaps. 
20, 095^  yards  cotton  cloth. 
267    pounds  waste  cotton. 
30    pounds  lanyard  cord. 
181     pounds  sash  cord. 
10    pounds  rurled  hair. 
15    pounds  marline. 
4, 991^  pounds  rope. 

845    pounds  thread. 
1, 020    pounds  tow. 
243    pounds  twine. 
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4  pouods  bolts. 
<j6  pairs  butts. 

1  bashiiig. 

183  pounds  chain. 

10  brasa  cocks. 

36  pouudts  copper. 

14  pieces  copper  tor  veut  pieces. 

5  bookd. 

12  liasps  and  staples. 
17,4U0  liorsfMhofs. 

S53  poutida  bar  iron. 

308  {touiuls  baud  iron. 

8  iron  ladles. 

3  pounds  copper  nails. 

1,  743  ]>ouiids  liorsesboe  nails. 

4, 084  poatids  iron  nails. 

3'»7  padlocks. 

13  potiuds  irou  plates. 
483  pounds  steel  rails. 

If4(^  pounds  li]'iif4.s  livi'T.H  and  burrs. 

604  poands  cojiper  rivets  and  burrs. 

61  pounds  roil  rivets  and  burrs. 

152  gross  brass  screws. 

320  gross  iron  screws. 

1  ounce  silver  solder. 

11^  pounds  solder. 

509  pounds  spikes. 

709  pounds  steel. 

.■JO,  'JOl  copi>er  tacks. 

44  pajiers  copper  tacks. 

7U  poiiiKis  copper  tacks. 

1,  UU,5I2  iron  tacks. 

314  painT.s  ron  tacks. 

119|  iK)uud8  iron  tacks. 

150  sheets  tin 

1  set  steel  tire. 
100  tire  bolts. 

LEATHEB,  ETC. 

892  sides  bridle  leather. 

j22,389  pounds  Imiiicsm  leather. 

5  sides  luce  ii'^itlier 

2  hides  trinimii)^  leather. 
1  gallon  edge  lilacking. 

161  quarts  leather  blaukijig. 

266j  jtoucds  black  wax. 

1  pound  bristles. 

105  boxes  ingredients  for  leather  blacking. 


LUMBEB,  ETC. 


JO,  602  feet  boards. 
3,000  feetplaDk. 
9331  OR 5 
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4,989  feet  Bcautling. 

883  feet  timbei'. 

6  barnjls  cemeut. 

OLBANINO,  IIEATlNa,  AND  LIGHTINO. 

61  bath  bricks. 

227  coru  broomii. 

29  diistitis  linislifs. 

7  femLef  ilucstiug  bruxbtui. 
117  bnttou  braxbes. 

58  bnttou  dticks. 

14  poiiiuls  fiiudles. 

88  oliamc.is  skins. 

14  boxen  cleaniug  materiiil. 

7  cleaniug  plutea. 

13,001  iH.uud^  <,)A. 

47  miins  iiiK'UH  clotb. 
10  pimiiiis  fdiorv. 

2  emery  belt". 

1, 135i(  qiiirea  emery  cloth. 
277|  qiiirea  emery  jta|iep. 

43  ptmiiilx  Itimpwit-kinj;. 

6  liiiitenis. 

144  lioses  ijialclu's. 

a  <Io<>['  mats. 

7  pouudt*  polisbiii(j  material. 
136  ouDces  Bcouriug  material. 

12  pouuds  pomade. 
624i  pounds  n.lu-iistoDe. 

63  quires  saud  pa[>er. 

170  pouuds  biireoap. 

2, 261  pounds  cuHiile  t^oap. 

159  pouuds  sponge. 

627  papers  trijioli. 

MATEBIAL  FOB  OFFICE   USE. 

3  waste  |inpi'r  baskets. 

3  half-boxes  blackiag  lor  steucil  outHts. 
783  instruction  booku. 

18  titfli  bnisUcs. 

1  ]i:ii^er<>U8bioii  buttons. 

4  ounces  indelible  ink. 

6  huriles  bektograph  ink. 

20  iK.iiiKts  hi'ktograph  com|>08itiou. 

2  iieUtugrapb  pans. 
2  curtain  ltt;ht8. 

42S  marking  outfits. 

60  pounds  stencil  paper, 

i  ream  wrapping  paper. 

1,000  pounds  wrapping  paper. 

48  carpeTiters'  pencils. 
1,000  paper  scales. 

4  seal  staiupK. 

115  pounds  sealinj;  wax. 
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2  company  steDoil  plates. 

6  sets  i4ti'ucil  dies  or  plates,  letters,  and  flgares. 

30  sheets  stencil  board. 

10  Bets  steucil  oat&ts. 

100  metal  tags. 

LABOEATOET  STOEBB. 

4  pints  muriatic  acid. 
112    galluns  hIi^oIioI. 

60  pounds  gum  arable. 

134J  pounds  beeswax. 

75  pounds  camjibor. 

23  pounds  chalk. 

70  pounds  ammoDiated  cupper. 

2  biirrels  flour. 

125  pounds  glue. 

If  100  iioands  paper. 

26  pounds  black  pepper. 

40  pounds  potusb. 

20  pounds  gum  sbeilac. 

30  pounds  uitrate  of  strontia. 

10  pouads  sulphur. 
26  pounds  tobacco. 

3,811     poiiuds  Japan  was. 
20    gallons  whisky. 

OILS,   FAINTS,   ETC. 

90    giillous  coal  tar. 

2    quarts  comolubric. 
48|  gallons  Japan  drier. 

5  pounds  oak  gruiniiig. 
168^  gallons  hieker. 

23     pounds  lampblack. 
176    pounds  red  lend. 
1, 412    pounds  Avhit«  lead. 

11  pounds  fxtract  logwood. 
IJ  gallons  anti  corrosive  oil. 

187J  quarts  eosmoline  oil, 

3,25^  pounds  harsiesa  oil. 

220  gallons  kerosene  oil. 

10  gallons  lard  oil. 

762^  gallons  liuseed  oil. 

109§  gallons  ueatsfoot  oil. 

345  gallons  ueutral  oil. 

932j  gallons  sperm  oil. 

10  gallons  yellow  ocbre. 

892J  pounds  black  paint. 

2, 281  pounds  brown  paint. 

396  pounds  green  paint. 

270  pounds  lead -co  lor  paint. 

1,616  pounds  metallic  paint. 

2,924  pounds  olive  paint.  • 

5  pounds  red  paint. 

60  ponnds  vennillion  paint. 
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35  pounds  yellow  paint. 

83  ponnds  putty. 

563^  gallons  turpentine. 

76  pounds  umber. 

3  gallons  coach  varnish. 

20  gallons  copal  varnish. 

10  gallons  Japan  varni.'ih. 
16J  pounds  whiting. 

MISCELLANEOUS. 

3  tool  bags. 

761  wooden  powder  barrels. 

12  steel  ammunition  boxes. 

4  cleaning  material  boxes. 
35  packing  boxes. 

16  reloading  tool  boxes. 

227  powder  canisters. 

301  tin  cans. 

2  field  cases. 

30  chamois-skin  saber  cases. 
46  chamois-skin  sword  cases. 

Ij  059  arm  chests. 

4  forge  chests. 

3  tool  chests. 

6  boxes  axle  grease. 

860  pounds  wheel  grease. 

120  barrel  hoops. 

MACHINES  AND  PARTS  OF  MACHINES. 

1  calipers. 

3  sets  measuring  i)oints  for  star  gauge. 

3  ring  gauges  for  star  gauges. 

2  pieces  shafting  with  pulleys. 
1  star-gauge  points. 

1  card  wheel  for  revolving  scratch  brush. 

TOOLS. 

1  adze. 

12  anvils. 
210  aprons. 

519  assorted  awls. 

178  awl  handles. 

35  axes. 

9  axe  handles. 

1  bellows,  smiths. 

77  assorted  bits. 

13  lead  punching  blocks. 

5  wooden  bowls. 

11  shoeing  boxes. 
11  braces. 

599  assorted  brushes. 

31  assorted  buckets. 
15  buttresses. 

21  calipers. 
11  chalk  lines. 
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122 

assorted  chisels. 

4 

carpenters'  clamps. 

37 

saddlers'  clamps. 

26 

claw  tools. 

60 

clenching  irons. 

50 

coinpasses. 

1 

countersink. 

11 

iron  creasers. 

66 

wooden  creasers. 

62 

dies. 

26 

die  stocks. 

1 

set  lathe  drills. 

2 

dust  pans. 

72 

edge  tools. 

2,258 

files. 

190 

file  handles. 

1 

square  iron  forge. 

23 

fullers. 

20 

saddlers'  draw  gauges. 

5 

gauges. 

21 

gimlets. 

3 

grindstones  with  arbors  and  cranks. 

1 

grindstone  stand. 

376 

assorted  hammers. 

29 

sledge  hammers. 

89 

hammer  handles. 

24 

hatchets. 

34 

hardies. 

18 

saddlers'  horses. 

1 

jack  screw. 

408 

assorted  knives. 

22 

draw-gauge  knives. 

1 

drawing  knife. 

37 

splitting  knivea. 

43 

mallets. 

3 

tin  measures. 

3 

nail  extractors. 

6,894 

needles. 

43 

nippers. 

1 

standard  nut. 

37 

oil  cans. 

5 

oil  droppers. 

67 

oil  stones. 

5 

picktix  handles. 

90 

pincers. 

16 

planes. 

8 

plane  irons. 

24 

pliers. 

8 

pokers. 

6 

pricking  carriages. 

3 

pricking  wheels. 

45 

pritchels. 

212 

assorted  punches. 

70 

nail  punches  and  clench  knives. 

50 

spring  punches. 

3 

spring  punch  points. 
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1, 171  rasps. 

12  riveting  irons. 

44  rivet  sets. 

2  round  lug  irons. 

56  rales, 

66  sandstones. 

29  assorted  saws. 

1  saw  blade. 

1  saw  set. 

1  scales. 

25  scissors. 


12  S,-\tlH-^. 

4  scythe  snaths. 

18  scytbe  stones. 

27  shears. 

12  pairs  rubber  shoes. 

27  shovels. 


18  sledge  bandies. 

11  ^ilJi;k(Ts. 

31  pLiiis  magazine  slippers. 

8  S|>a<les. 

2  spokeshaves. 

21  AQnares. 

2  till  j^trainers. 

7  tape  lines. 

62  taps. 

11  thimbles.    ' 

18  ticklers. 

99  tongs. 

16  Tool  handles. 

1  iron  tnyere. 

42  vises. 

64  wrenches. 
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Apjwrtionment  of  ordnance^  ordnance  stores,  cfo,,  for  the  fiscal  year  ending  June  30, 1886, 
under  stations  1661  and  1667,  Revised  Statutes  United  States,  and  regulations  established 
in  conformity  therewith. 


States  and  Territories. 


Alabama 

Arkanaaa... 
California. . . 
Colorado  ... 
Connecticat 
Delaware . . . 

Florida 

Georgia 

niinoia 

Indiana 


Number  of 

Senators  und 

Reprcseut- 

atives. 


Iowa 

Kansaa 

Kentucky 

Ix>ai8iaoa 

Maine       

Maryland 

Massachoaetta 

Michi;;an 

Minnesota 

Mississippi 

Missoari 

Nebraska 

Xevmda  


New  Hampshire 

Kew  Jersey 

New  York    

North  Carolina.. 
Ohio 


Oregon 

Pennsylvania 

Kbode  Island , 

Sonth  Carolina 

Tenn€«see    , 

Texas  

Vermont 

Virginia 

Weat  Virginia 

Wisconsin 

Alaska  Territory* , 

Arizona  Territory* 

DakoU  Territory* 

Idaho  Teniton^ 

New  Mexico  Territory*. 

Mcmtana  Territory* 

IJUh  Territory* 

Waahington  Territory*. 
Wyoming  Territory*  . . . 
District  of  Colom  bla* . . . 


Total 


10 

7 

8. 

3 

6 

3 

4 

12 

22 

15 

13 

9 

13 

8 

6 

8 

14 

13 

7 

9 

16 

5 

3 

4 

9 

36 

11 

23 

3 

30 

4 

9 

12 

13 

4 

12 

6 

11 

3 

3 

3 

3 

3 

8 

3 

3 

3 

3 


431 


Money  valne. 


$4. 640  87 
3, 248  26 
a,  712  30 
1, 392  11 
2, 784  22 

1,  892  11 
1.836  15 
5,  568  45 

10. 208  82 
6,9U0  50 
6. 032  48 
4, 176  34 
(t,  032  48 
3,712  30 
2.784  22 
3.712  30 
6. 496  52 
6, 032  48 
8. 248  26 
4, 17.1  34 
7, 424  69 

2,  320  19 
1, 392  11 
1.856  15 
4, 176  34 

16. 705  33 
5. 104  41 

10, 672  85 
1,392  11 

13,921  10 
1,856  15 
4. 176  34 
5,568  45 
6, 032  48 
1, 856  15 
5,568  45 
2,784  22 
5, 104  41 
1, 392  11 
1, 892  11 
1,892  11 
1, 392  11 
1.392  11 
1, 392  11 
1.  392  11 
1,392  11 
1, 392  11 
1.  392  11 


200,000  00 


*  Apportionment  according  to  the  first  paragraph  of  the  President's  regulation  of  April  30, 1855. 
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Statement  of  ordnance^  ordnance  stores,  &c.,  distributed  to  the  militia  from 
July  ly  1885,  to  June  30,  1886,  under  sections  1661  and  1667,  Revised 
Statutes  United  States. 

Class  I. 

4  3-iiich  wroaghtiron  guns. 

20  Gatling  guns,  10  barrels,  long,  caliber  A5". 

Class  II. 

3  carria^res  and  hmbers  for  3'inch  guns. 

7  metallic  carriages  and  limbers  for  Gatling  gun,  caliber  A5". 

13  carriages  and  limbers  for  Gatling  gun,  caliber  A5". 

1  12-pounder  prairie  carriage  and  limber. 

Class  III. 

12  fuze  blocks. 

12  fuze  cutters. 

12  fuze  gouges. 

12  fuze  wrenches. 

2  front  sights,  for  3  iiie!)  iitie. 
28  gunners'  haversacks. 

40  gunners'  gimlets. 

22  gunners'  pincers. 

39  handspikes,  trail. 
48  lanyards. 

46  priming  wires. 
10  prolouges. 

12  poles. 

10  pole  pads. 

22  paulius,  12  by  15  IVer. 

13  pendulum  hausses. 

7  pendulum  hansseseuts. 

11  pendulum  hansse  pouches. 

47  sets  artillery  harness,  2  horses,  lead. 
47  sets  artillery  harness,  2  horses,  wheel. 

7  sponge  buckets,  iron. 

12  sponges  and  rammers,  12pounder  gun. 

6  sponges  and  rammers,  12-pouuder  mountain  howitzer. 

2  sponges  and  rammers,  6'ponnder  gun. 

40  sponges  and  rammers,  3-inch  rifle. 
2  sponge  covers,  6-pounder  gun. 

12  sponge  covers,  3- inch  rifle. 
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68  thambstalls. 

•  9  tar  buckets,  iron 
27  tube  pouches. 

18  tow  hooks. 
14  tompioDs. 
22  vent  covers. 
26  vent  puuches. 

12  vent  pieces. 

10  worms  and  staves. 

36  watering  'buckets. 

1  wheel,  No.  1. 

IMPLEMENTS  FOB  GATLING  GUN. 

21  gun  covers. 

6  clamps  for  worm  gear. 

100  feed  cases. 

68  feed  magazines. 

30  handspikes. 

6  lock  screw  drivers. 

6  small  screw  drivers. 

•  6  T  screw  drivers. 
6  shell  drivers. 

6  wiping  rods. 

6  adjusting  screw  wrenches. 

6  pin  wrenches. 

6  rear-guard  nut  wrenches. 

13  sight  cases. 

19  oilers. 

19  hammers,  riveting. 

19  screw  wrenches. 

Classes  IV  and  V. 

60  3-inch  shot,  fully  prepared. 

60  3-inch  shell,  fully  prepared. 

200  3inch  case  shot. 

100  3-inch  canister. 

200  3incli  Hotchkiss  shell,  time  fuze. 

100  12-pounder  shell. 

60  12pounder  shot,  fixed. 

60  12-pounder  shell,  filled. 

Class  VI. 

4, 664  Springfield  rifles,  caliber  .46'^ 

160  Springfield  "cadet"  rifles,  caliber  .46^'. 

190  Springfield  carbines,  caliber  .50''. 

20  Hotchkiss  magazine  rifles,  caliber  .46''. 
240  Spencer  repeating  shotguns. 

400  Colt's  revolvers,  caliber  .45". 

264  officers'  swords. 

20  non-commissioned  officers'  swords. 

8  musicians'  swords. 

156  sabers,  light  artillery. 

400  sabers,  light  cavalry. 

683  bayonets. 
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Class  VII. 

APPENDAGES. 

929    combination  screw  drivers. 
379    headless  shell  extractors. 

HORSE  EQUIPMENTS. 

116  curb  bridles,  cavalry. 

2  curb  bits,  cavalry. 

16  halters. 

66  pairs  spurs  and  straps. 

116  cavalry  saddles. 

256  artillery  saddle  blankets. 

406  cavalry  saddle  blankets. 

6  pairs  saddle  bags. 

INFANTRY  EQUIPMENTS. 

10, 300  bayonet  scabbards. 

4, 000  blanket  bagvS. 

3,  800  pairs  blanket-bag  shoulder  straps. 

3,  800  pairs  coat  straps. 

3,  700  canteens  and  straps. 

979    cartridge  belts  and  plates. 
8, 686    cartridge  boxes. 

4,  674    gun  slings. 

4,  700    haversacks  and  straps. 
8, 374    waist  belts  and  plates. 
430    waist  belts, 
meat  cans. 


3,000 


ARTILLERY  EQUIPMENTS  AND  PARTS. 


4  leg  guards. 

6  linchpins,  No.  1. 

6  linch  washers.  No.  1. 

32  whips. 


CAVALRY  EQUIPMENTS. 

190  carbine  slings. 

190  carbine  sling  swivels. 

337  pistol  holsters. 

995  saber  l)elt8  and  plates. 

110  saber  knots. 

Class  VIII. 

2, 200  blank  cartridges,  6-pounder  gun. 

1, 150  blank  cartridges,  3-inch  rifle. 

551, 000  rifle  ball  cartridges,  caliber  .50''. 

843, 000  rifle  ball  cartridges,  caliber  .45". 

67,000  rifle  blank  cartridges,  caliber  .50". 

370,000  rifle  blank  cartridges,  caliber  .45". 

34,000  revolver  ball  cartridges,  caliber  .45", 
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9.000 

revolver  blank  cartridges,  caliber  .45''. 

44,^0 

friction  primers. 

6,000 

rifle  shells. 

130,000 

cartridge  primers. 

80,000 

rifle  bullets,  lubricated. 

500 

pounds  cannon  powder. 

500 

pounds  mortar  powder. 

MISCELLANEOUS. 

379 

wiping  rods,  wooden. 

3,400 

paper  targets. 

6 

boxes  cleaning  material. 

30 

metallic  pistol  grips. 

6 

axes,  felling. 

3 

pickaxes,  handled. 

4 

shovels. 

PARTS  OF   SPRINGFIELD  RIFLE,  OALIB] 

20 

bayonet  clasp  screws. 

5 

breech  blocks. 

5 

breech  screws. 

240 

breech-block  caps. 

615 

breech-block  cap  screws. 

270 

bridles. 

240 

bridle  screws. 

216 

cam  latches. 

650 

cam -latch  springs. 

520 

ejector  springs. 

510 

ejector-spring  spindles. 

200 

ejector  studs. 

350 

extractors. 

2,450 

firing  pins. 

800 

firing-pin  screws. 

500 

firing-pin  springs. 

10 

guard  screws. 

11 

hammers. 

70 

hinge  pins. 

225 

lower  bands. 

350 

main  springs. 

200 

main-spring  swivels. 

200 

main  spring  swivel  rivets. 

150 

rear  sights. 

10 

rear-sight  base  screws. 

m 

ramrods. 

40 

sears. 

300 

sear  springs. 

20 

sear  screws. 

235 

side  screws. 

60 

side-screw  washers. 

94 

spring  vises. 

54 

stocks. 

510 

tumblers. 

276 

tumbler  i)unches. 

760 

tumbler  screws. 
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200  tang  screws. 

166  thumb  pieces. 

10  triggers. 

12  apper  bands. 

300  front  sights. 

100  front-sight  pins. 

230  front-sight  covers. 

130  f^on^8ight  cover  screws. 

1  lock. 
10  tips. 

10  tip  screws. 

10  gaards. 

2  receivers. 

PARTS   OF   SPRINGFIELD   RIFLE,   CALIBER   .50". 

10  locks. 

50  ramrods. 
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Statement  of  ordnance^  ordnance  stores^  iSbo.^  distributed  to  the  Territories 
and  States  bordering  thereon  from  July  1, 1885,  to  June  30, 1886,  under 
the  joint  resolutions  of  July  3,  1876,  March  3,  1877,  and  June  7, 1878, 
and  the  act  of  May  16,  1878. 

293  Sharps  carbiDes,  caliber  .50''. 

600  leather  bayonet  scabbards. 

293  carbiue  slings  and  swivels. 

893  cartridge  boxes. 

893  waist  belts  and  plates. 

20, 000  rifle-ball  cartridges,  caliber  .50". 

50, 000  carbine-ball  cartridges,  caliber  .50". 
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Statement  of  ordnance  and  ordnance  stores^  c£c.,  distributed  to  ooUegesfrom 
July  1, 1885,  to  June  30, 1886,  under  section  1225,  Revised  Statutes  United 
States,  as  amended  by  act  approved  July  5, 1870. 

Glass  I. 

4    3-iDch  wroughMroD  rifled  gnns,  model  1861. 

Class  II. 

4    carriages  and  limbers  lor  3iuch  guus. 
1    caisson  and  limber  for  34nch  gnn. 

Class  111. 


4 

gunners'  haversacks. 

4 

handspikes,  trail. 

10 

lanyards. 

6 

priming  wires. 

6 

panlins,  12  by  15  feet. 

2 

pendnlam  hausses. 

2 

pendulum  hausse  seats. 

2 

pendulum  hausse  pouches. 

8 

sponges  and  rammers  for  3inch  gun. 

10 

sponge  covers  for  3-inch  gun. 

4 

tompions. 

10 

thumbstalls. 

4 

tube  pouches. 

6 

vent  covers. 

Class  VI. 

620    Springfield  cadet  rifles,  caliber  .45^'. 

Class  VII. 

623  bayonet  scabbards. 

623  cartridge  boxes. 

637  waist  belts  ana  plates. 

20  waist-belt  plates. 

Class  VIII. 

300  blank  cartridges  for  12-pounder  gnn. 
300  blank  cartridges  for  10-pounder  gun. 
500    blank  cartridges  for  6-pounder  gun. 
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1,  400  blank  cartridges  for  3-iDcb  gUD. 

26, 000  carbine  ball  cartridges,  caliber  .45". 

27,000  carbine  blank  cartridges,  caliber  .45'^ 

3,000  carbine  ball  cartridges,  caliber  .50". 

5, 000  carbine  blank  cartridges,  caliber  .50". 

7, 800  friction  primers. 

PARTS   OF   SPRINGFIELD   RIFLES. 

100  ^crew  drivers. 

9  spring  vises. 

16  tumbler  punches. 

1  stock,  Springfield  rifle,  caliber  .50". 

2  hammers.  8pringfit'ld  rifle,  caliber  .50". 
2  ramrods,  Springfield  rifle,  caliber  .50". 
9  bajonets,  Springfield  rifle,  caliber  .60". 
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SHOniXG  STATIOXS  AND  DUTIES  OF^HE  OFFICERS  OF  THE  ORDNANCE 

DEPARTMENT  ON  OCTOBER  1,  ie86. 


Bank  and  name. 


Duty. 


Address. 


BSIOADIKR-QSNBRAL. 

Stephen  Y.  Ben6t 

C0L0KSL8. 


Chief  of  Ordnance 


Waahinf^ton,  D.  C. 


Governor's  Island,  New 
York  City.  Poet-offioe 
box  1449. 


1.  J.  McAllister,  brevet ,  Comman.lins:  the  New  York  Arsenal, 

presijJent  ot  the  Ordnance  Board,  and 
president  of  Board  for  Tesiinj;  Rifled 
Canuou,  &c. 

2.  S.  Crispin,  brevet 1  Commandiuj;  the  Benioia  Arsenal Bcnicia,  Cal. 

3.  T.  6.  Baylor,  brevet |  Commundin;;  the  Hock  Island  Arsenal .    Kock  Island,  HI. 


UBUTEXAMT-COLOKKL8. 


L  J.  M.  Whittemore 

2.  A.R.Baffin)^n 

8.  D.  W.  Flagler,  brevet. 
4.  A.  Mordecai,  brevet . . 


HAJOBS. 


1.  F.  H.  Parker,  brevet 


2.  J.  P.  Farlev 


3.  L.S.  Babbitt 

4.  W.A.Marye 

6.  LAmold.jr 

6.  C.  Comly .  

7.  J.  R.  McGinness,  brevet. 

8.  G.  W.  McKee,  brevet. . .. 

9.  F.H  Phipps 

10.  J.  W.  Reillv 


CAPTAINS. 


4.  J.  G.Bntler.. 

6.  C.  Br\ant  ... 
<L  A.  L.  Vamev. 

7.  J.C.  Clifford. 

8.  I.E.  Greer... 


0.  J.  Pitman 


10.  C.  Shaler. 


11.  H.  Metcalfe... 

12.  W.  S.  Starring. 


18.  C.S.Smith 

li.  S.  B.  Blont  (Uent  ooL) 
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1.  J.  A.  Kress,  brevet  major 


2.  O.  E.  MiohaeUs,  brevet. 
8.  CB-Dntton 


Commanding  the  Watervliet  Arsenal.. 

Commanding  the  National  Armory 

Commanding  the  Frankfoitl  Arsenal  . . 
Member  of  the  Ordnance  Board  and 

member  of  Board  for  Testing  Rifled 

Cannon,  &o. 


Commanding  the  Watertown  Arsenal, 
and  member  of  Board  for  Testing 
Rifled  Cannon.  &o. 

Commanding  the  United  States  Pow* 
der  Depot. 

Commanding  the  Fort  Monroe  Arsenal. 

Assistant,  National  Armory  

Commanding  the  San  Antonio  Arsenal. 

Commanding  the  Indianapolis  Arsenal. 

Assistant,  Rock  Island  Arsenal 

Commanding  the  Allegheny  Arsenal . . 

Commanding  the  Kennebec  Arsenal... 

Commanding  the  Augusta  Arsenal — 


Commanding  the  Saint  Louis  Powder 
Depot, 

Assistant,  Watervliet  Arsenal 

On  duty  under  the  Interior  Department . 


Assistant.  National  Armory 

Assistant,  Benicia  Arsenal    

Assistant.,  Rock  Island  Arsenal 

Assistant^  Frankford  Arsenal , 

Commanding  the  Fort  Leavenworth 
Ordnance  Depot,  and  chief  ordnance 
officer  Department  of  the  Missouri. 

Commanding  the  Fort  Abraham  Lin- 
coln Ordnance  Depot,  and  chief  ord- 
nance officer  Department  of  Dakota. 

Member  ot  the  Ordnance  Board,  and 
member  of  Board  for  Testing  Rifled 
Cannon,  &c. 

Instructor  of  ordnance  and  gunnery 
U.  S.  Military  Academy. 

Commanding  ihe  Cheyenne  Ordnance 
Depot,  and  chief  ordnance  officer 
Department  of  the  Platte. 

Principal  assistant  in  the  Ordnance 
Bureau. 

Aide-de-camp  to  the  Lieutenant-Gen- 
erat  and  inspector  of  rifle  praotice 
at  the  Headquarters  of  the  Aimj. 


West  Troy,  N.  Y. 
Sprinsifleld,  Mass. 
Philadflphia,  Pa. 
Governor's     Island,   New 

York   City.     Poat-offioe 

box  1449. 


Watertown, 


Dover,  N.  J. 

Fort  Monroe.  Va, 
Springfield,  Mass. 
San  Antonio,  Tex. 
Indianapolis,  Ind. 
Bock  Island,  HL 
Pittsburgh,  Pa. 
Augusta,  Me. 
Augusta,  Ga. 


Jefferson  Barraoki,  Mol 

West  Trov.  N.  Y. 
Geological  Survey,  Waah- 

ington,  D.  C. 
Springfield.  Mass. 
Benicia,  Cal. 
Rnck  Island,  HL 
Philadelphia.  Pa. 
Fort  Leavenworth,  Kana. 


Fort  Abraham  Lincoln, 
Dak. 

Governor's  Island,  New 
York  City.  Poet-offioa 
box  1440. 

West  Point,  N.  Y. 

Cheyenne,  Wy©. 


Washington.  D.  0. 
Washington,  D.  0. 
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STATIONS  AND  DUTIES  OF  OFFICERS,   <fc— Continued. 


Bank  and  name. 


CAPTAiKft— eontinaed. 

15.  F.Heath 

1«.  UM.  Taylor 


17.  D.  A.  Lyle 


18.  J.  Rockwell,  Jr. 

19.  J.  C.  Avres   ... 

20.  M.  W.Lvon.... 

21.  C.  W.  Whipple. 


SS.  A.  H.  BnaaeU 


33.  R.Birnie,Jr 


24.  L  MacNatt... 
2&.  C.  C.  Morrison 
28L  F.Baker 


FIBST  UBUTSNAinS. 


1.  O.  B.  Mitcham 

2.  H.D.Bomp... 


a.  I«.L.Brnff 

4.  C.H.  Clark 

&  W.  If.  Medcalfe. 


6.  WilUam  Crosier. 

7.  W.B. Gordon... 


B.  F.B.Hobb« 


9,  D.  A  Howard 
10.  a  B.  Sloart . . 


OBDXAHCK  arrOBZKRKPBRS. 


OapUUns. 


A.  S.  M.  Morgan 
W.H.  Bexford.. 

D.  J.  Yonne 

ILJ.GreaUsh.. 
▼.MoNally 


On  dnty,  Allegheny  Arsenal 

On  dnty,  Indianapolis  Arsenal 

On  duty,  Watcrvliet  Arsenal 

On  dnty,  Angnsta  Arsenal 

On  duty  iu  Uie  Oflioe  of  the  Chief  of 
Ordnance. 


Address. 


Assistant.  Watervliet  Arsenal 

On  special  duty  in  the  office  of  the  Ad- 
jutant-General. 

On  foundry  dnty,  aud  member  of  the 
Board  on  Lifo'saving  Apparatus,  Sec, 
under  the  Secretory  of  the  Treasury, 
and  raoniber  of  Buard  for  Testing 
Rifl(  d  Cannon,  &,c. 

Assirttant,  Rock  Island  Arsenal 

Assistant,  Benicia  Arnenal    

Assistant,  Watertowu  Arsenni 

Assistant  to  the  Ordnance  Board 


Commanding  the  Vancouver  Barracks 
Ordnance  Depot,  and  chief  onlnance 
officer,  Department  of  the  Columbia. 

On  dnty  in  the  Office  of  the  Chief  of 
Ordnance.  » 

Assistant,  Frankford*  Arsenal 

Assistant,  Watertown  Arsenal 

Assistant,  Frankford  Arsenal 

Assistant  instructor  of  ordnance  and 

gnnnery,  U.  S.  Military  Academy. 
On  foundry  duty 

On  foundry  dnty 

Assistant,  National  Armory 

Assistant  to  the  Ordnance  Board 

Assistant,  T^atertown  Arsenal 

Instcnctor  of  philosophy,  U.  S.  Mili- 
tary Academy. 
On  foundry  dnty 

On  foundry  duty 

Instructor  of  philosophy,  U.  S.  Mili- 
tary Academy. 


West  Troy,  N.  Y. 
Washington,  D.  C. . 

Boston,  Mass.    P.  O.  box 
22r»a. 


Rock  Island,  IlL 
Benicia,  Cal. 
Watertown,  Mass. 
Governor's    Island,    Xew 

York  City.     Post^ffice 

box  1449. 
Vancouver,  Wash. 


Washington,  D.  C. 

Philadelphia.  Pa. 
Watertown,  Mass. 
.Philadelphia^  Pa. 


West  Point,  N.  Y. 

Boston.  Mass.    Post-offic* 

box  2253. 
Cold  Spring,  K.  Y. 
Springfield,  Mass. 
Governor's    Island,    Kew 

York  City.     Post^tfflce 

box  1449. 
Watertown,  Mass. 
West  Point,  NY. 

Station    G,  Philadelphia, 

Pa. 
Cold  Spring,  K.  Y. 
West  Point,  N.  Y. 


Pittsburgh,  Pa. 
Indianapolis,  Ind. 
West  Troy,  N.  Y. 
Augusta,  Ga. 
WaahingtmitD.C. 
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Appendix  9. 


REPORT  O.V  THE  S-L\CH  VATES  llIiEECHLOADING  RIFLE  BY  THE 
''BOARD  FOR  TESTING  RIFLED  CANNON,  ETC, ;'  APPOINTED  UNDER 
THE  ACT  OF  JULY  r»,  18H4. 

(5  plates.) 

This  gun  was  traDsferred  to  the  ^^  Board  for  Testing  Rifled  Cannon, 
&(•,.,"  for  test,  bv  instrnction  from  the  Chief  of  Ordnance,  U.  S.  Army, 
dated  February  3, 1885. 

September  18, 1885,  the  Board  made  a  progress  report  covering  the 
first  10  rounds  fired  from  this  guu.  (See  Appendix  No.  48,  p(age  48, 
Reportof  Chief  of  Ordnance,  U.  S.  A.,  for  1885.) 

The  Yates  rffle  is  a  conversion  from  10-inch  Rodman  smooth-bore  gan 
No.  182  (West  Point  foundry),  by  lining  with  a  Nashua  steel  tube,  at- 
taching a  cast-iron  extension  piece  to  the  muzzle  of  the  casing  and  ap- 
plying the  Tntes  breech  mechanism  of  Midvale  steel.  For  the  detailed 
description  of  the  gun,  dimensions,  weights,  &c.,  the  Board  respectfiilly 
refers  to  the  construction  report  of  the  8-inch  Yates  rifle,  made  by  the 
Inspector  of  Ordnance  at  Boston,  Mass. 

General  Description. 

the  cast-iron  body. 

The  body  or  casing  consists  of  the  lOinch  Rodman  smooth-bore  gun 
above  mentioned,  pierced  through  the  breech  and  lengthened  by  screw- 
ing a  cast-iron  extension  piece  on  the  muzzle.  The  portion  in  rear  of 
the  trunnions  is  turned  off,  and  circumferential  grooves  are  eat  in  the 
exterior  to  receive  corresponding  interlocking  fillets  on  the  breech- 
clamps.  The  bottom  of  these  annular  grooves  form  cylindrical  surfaees 
28  inches  in  diameter.  The  diameters  of  the  projecting  anntdar  fillets  or 
recoil  shoulders  on  the  body  are  as  follows :  The  rear  one  29.9  inches, 
the  two  forward  shoulders  30  inches.  The  planes  of  the  bearing  surfaces^ 
of  these  shoulders  are  per|>endicular  to  the  axis  of  the  piece.  The 
longitudinal  sections  of  the  projecting  annular  fillets  are  trapezoidal. 
The  radius  of  the  breech  is  34  inches ;  and  the  spherical  zone  tangent 
to  and  connecting  the  breech  w*ith  the  cylindrical  body  has  a  radius  of 
11  inches.     (See  Plate  I,  Figs.  1  and  2.) 

THE  STEEL  TUBE. 

The  tube  is  made  of  Nashua  (N.  H.)  steel,  is  cylindrical  on  the  ex- 
terior, anil  has  a  cylindrical  shoulder  near  the  rear  end.     It  is  retainecl 
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bv  a  securinj^  pin  ou  tbe  under  side,  placed  3  feet  6  iuches  in  IVont  of 
tllO  SIX18  of  tbc  tiuDDJons. 

Tbe  chamber  and  rifled  portion  of  tbe  bore  are  concentric.  Tb(» 
chamber  baa  3  conical  and  2  cylindrical  surfaces.  The  rear  end  of  tlio 
chamber  is  recessed  for  the  insertion  of  the  gas-check  by  acounterboii* 
.45  inches  in  depth.  Tbe  rear  conical  surface  is  11.7  inches  in  lenjytii 
and  extends  forward  from  the  bottom  of  tbe  counterbore,  and  is  in- 
tended to  support  the  walls  of  the  long  ''  cartridge  head  "  or  gas  check, 
and  to  facilitate  its  removal. 

A  vertical  slot  is  cut  below  the  axis  of  the  chamber  and  in  the  rear 
end  of  the  tube  to  permit  the  use  of  an  extractor  in  case  the  gas  check 
sticks  in  its  seat. 

THE  BREECH   CLAMPS. 

These  two  clamps  are  made  of  Midvale  steel.  They  are  symmetrical, 
cylindrical,  and  rounded  in  rear.  The  clamps  embrace  the  breech  of 
the  casing  like  a  shell,  and  arc  pivoted  and  held  together  by  two  as- 
sembling bolts,  one  screwed  inlo  the  upper  surface  of  the  casing,  and 
tbe  other  into  the  lower  or  undei*  surlace.  The  interior  surface  of  the 
clamps  corresponds  to  the  exterior  surface  of  the  easing  before  de- 
scribed. Grooves  are  cut  in  this  surface  to  correspond  with  the  an- 
nular fillets  on  the  exterior  of  the  casiug. 

The  axial  portion  of  the  interior  surface  of  the  clamps  receives  the 
pressure  exerted  upon  the  "c^vrtridgehead''  or  ga.-^  check  and  transmits 
it  through  the  cylindrical  walls  of  the  clamps  to  the  recoil  shoulders  on 
the  cast  iron  casing. 

THE   CAM  LEVER. 

This  is  intended  to  operate  tbe  breech  mechanism  and  is  pivoted  be- 
neath the  body  of  the  gun.  It  has  two  curved  cam  slots,  one  on  each 
sid^  of  the  pivot,  which  engage  the  cam  pins  attiiched  to  the  two  breech 
clamps.  The  lateral  swing  permitted  by  these  slots  is  sufficient  to  ex- 
l>oae  the  rear  end  of  the  chamber  for  the  purpose  of  loading. 

THE   LATCH. 

The  original  locking  device  was  a  hooked  lever  attached  to  one  clamp 
above  the  center  of  the  breech,  which  caught  upon  a  pin  in  the  other 
clamp  when  the  mechanism  was  closed.  It  was  furnished  with  a  flat 
retaining  spring  of  steel. 

THE  FIRING  DEVICE. 

This  consisted  of  a  hammer  actuated  by  a  lanyard  and  a  firing  pin. 
A  spiral  firing-pin  spring  was  inserted  to  retract  the  firing  pin  after  the 
discharge  of  the  piece.  Instead  of  a  friction  or  other  primer,  a  22-inch 
ttilibor  pistol  ciirtridge  was  designed  to  ignite  the  charge. 

VENTING. 

A  radial  vent  was  placed  in  the  "cartridge  head"  or  gas  check  to  re- 
ceive the  priming  cartridge  which  was  exploded  by  tbe  axial  firing  pin 
seated  in  a  cylindrical  lug  in  one  of  the  breech  clamps. 

The  above-described  firing  device  and  vent  were  abandoned  after  the 
sixteenth  round,  and  an  ordinary  radial  vent  was  inserted  10  inches  in 
front  of  the  bottom  of  the  chamber. 
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ORIGINAL,  GAS  CHECK. 

This  gas  check  was  made  of  comi>ositiQD  metal  or  bronze,  and  wa^ 
called  the  "cartridge  head"  by  the  inventor.  Its  exterior  form  was 
similar  to  the  metallic  cases  of  small-arm  cartidges.  The  exterior  of 
the  head  corresponds  in  curvature  to  the  breech  of  the  gun.  The  bot- 
tom on  the  interior  was  hemispherical,  with  a  radius  of  4  inches.  It 
had  an  axial  vent  bushed  in  rear  with  a  steel  disk. 

PBINOIPAL  DIMENSIONS.  Incbas. 

Total  length  of  gnn 168 

Total  length  of  bore 160 

Diameter  of  bore 8 

Length  of  rifled  portion  of  bore  (original) 135.25 

Totialenffth  of  chamber  (original) 24.75 

Lenrth  of  rifled  portion  of  bore  (after  16th  roand) 133. 25 

Totulengrthof  chamber  (after  16th  round) 26.75 

Breech  clamps  (two) : 
Thioknees  of  metal: 

At  bottom 8 

At  sboalders , 2.5 

Atlat groove 1.63 

At  2d  groove 1.58 

At  3d  groove 1.75 

Radias  of  breech : 

Exterior  (bore) 32 

Inti^or  (bottom) 34 

Number  of  recoil  shoulders  (casing  and  clamps),  3  each. 

WEIGHTS.  Pomid.. 

Total  weight  of  gun 18,540 

Weight  of  clamps 3,452 

Weightof  "cartridge  head,'' or  original  gas  check 48.5 

Preponderance — muzzle 327 

BIFLING. 

The  rifling  is  polygroove,  with  an  equal  number  of  lands  and  grooves. 

• 

Number  of  grooves 45 

Grooves: 

Width inches..    0.3884 

Depth do 0.06 

Bottom  rounded  with  radius  of do....    0.06 

Lands: 

Width do..-.    0.17 

Bonnded  with  radius  of do 0.01 

Twist,  uniform,  one  turn  in feet..  30 

ELONGATION  OF  BBEEOH  CLAMPS. 

From  data  furnished  by  Colonel  Yates,  the  metal  of  the  clamps  pos- 
sessed the  following  physical  properties,  viz : 


Kunberof 
OMtlng. 

Elongation. 

Klastio  lim- 
it (pounds 
persaaare 
inch.) 

Tenacity 

(pounds  per 

square 

inoh.) 

4176 
4219 

PtrcetU. 
&5 

41,750 
43,671 

88,500 
87.843 
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The  marks  left  upon  the  bead  of  the  gas  check  in  the  early  firiDgs 
iDdicated  that  one  of  the  clamps  yielded  more  than  the  other.  At  the 
fourth  round  the  right  clamp  aloue  was  found  to  be  bearing  properly; 
the  left  clamp  was  found  to  be  bearing  at  the  end  of  the  seventh  round. 

PRESENCE   OF  INVENTOR. 

The  inventor,  Colonel  Yates,  was  allowed  to  be  present  during  the 
trials,  and  to  make  whatever  changes  he  desired  in  the  gas  check,  vent, 
or  breech  mechanism  upon  the  approval  of  the  Chief  of  Ordnance,  U. 
S.  Army,  and  to  make  any  changes  he  desired  when  done  at  his  own 
expense. 

EXPERIMENTS. 

These  were  all  made  at  the  Ordnance  Proving  Oround,  at  Sandy 
Hook,  New  Jersey. 

AMMUNITION. 

The  8-inch  Hotchkiss  projectiles  and  Du  Pout's  hexagonal  powders 
E.  V.  L.  and  E.  V.  K.,  density  1.750  and  granulation  72,  were  employed 
in  all  the  firings. 

ENDURANCE   TEST. 

The  Board  decided  upon  firing  500  rounds,  with  35  pounds  of  powder 
and  180-pound  projectiles,  as  a  test  for  endurance. 

STAR  GAUGING. 

The  gun  was  star  gauged  after  the  5th,  8th,  16th,  26th,  59th,  114th, 
154th,  220th,  and  259th  rounds. 

ALTERATIONS. 

Vent, — After  the  16th  round  a  radial  vent  was  inserted  in  the  vertical 
plane  tlirough  axis  of  bore  and  on  top  of  the  piece  to  replace  the  axial 
vent  in  the  breech. 

Chamber. — This  was  lengthened  2  inches  at  the  same  time  the  vent 
was  changed. 

Locking  device. — The  flat  retaining  spring  broke  at  the  6th  round. 
After  the  10th  round  a  new  and  heavier  locking  catch  of  steel  was  sub- 
stituted for  the  original  one.  After  the  13th  round  the  steel  locking 
catch  was  replaced  by  one  of  wrought  iron  1.25  inches  thick  and  5 
inches  wide,  litting  over  two  2.25-inch  steel  pins.  After  the  14th  round 
anew  locking  plate  and  a  new  pin  on  the  right  clamp  were  put  in. 
After  the  16th  ronnil,  the  latching  devices  for  locking  the  breech  clamps 
being  unsatisfactory-  to  the  inventor,  he  replaced  the  latches  and  pins 
by  a  steel  cap  with  a  retaining  device  for  keeping  it  closed.  (Plate  I, 
Fig.  3.)  A  cylindrical  tenon,  1.5  inches  long  and  12  inches  in  diameter, 
one-half  upon  rear  of  each  clamp,  was  turned,  over  which  a  ronnded 
cylindrical  cap,  about  12  inches  interior  diameter  and  18  inches  exterior 
diameter,  was  fitted.  This  cap  was  hinged  to  one  clamp  and  latched  to 
the  other.  The  other  changes  were  made  at  the  request  of  the  inventor, 
under  his  supervision,  and  in  accordance  with  his  letter  (Ordnance  Of. 
fice,  No.  104  I,  of  1885).    In  a  letter  dated  September  25, 1885,  the  in- 


8(!  KKPOKT  OF  THE  CHIEF  OF,  ORDNANCE. 

veutor,  Colonel  Yates,  say«,  iu  relation  to  ibis  cap  over  the  reiir  end  of 
the  clamps : 

I(>'i8  rather  awkward  to  iuaiiipn)ate,  and  it  takes  as  ranch  time  to  free  it  as  it  does 
tu  open  ami  close  the  sections. 

Tuo  clamp  enipluyed  was  siiggested  by  me,  bnt  has  nothing  to  do  with  the  system  ; 
is  peculiar  to  this  gun,  and  would  not  be  nsed  on  another.  *  *  *  In  firing  for  rap- 
idity, I  do  rcspectlullv  ask  that  iho  Board  will  give  the  above  facts  due  considera- 
tion.   •    *    • 

GAS  CHECKS.. 

Several  gas  chi'cks  were  employed  during  the  course  of  the  exi>eri- 
ments.    Below  will  be  found  a  brief  sketch  of  th^e  obturators : 

No.  1.  Original  gas  check  or  *'  cartridge  head.^  (Plate  II,  Fig.  1.) — This 
was  made  of  composition  metal  or  bronze,  and  has  already  been  suffi- 
ciently described.     Its  principal  dimensions  are  as  follows : 

Total  length inches..  12.00 

Length  of  body do Jl.  25 

Diameter,  exterior: 

Front  end do 8.25 

Rear  end do 8.  67 

Head    do 9.25 

Radius  of  base-exterior do....  34.  00 

Interior: 

Totallength do....  11.00 

Diameter,  conical  part,  front  base do....  8.05 

rear  base do 8.00 

Radius  of  bottom do 4.  (K) 

Thickness  of  metal,  front  end do 0. 10 

at  bottom  (on  axis) do 1.  00 

Weight pounds. .  48. 50 

After  the  2d  round,  onesixteenth-inch  was  turned  off  the  lip  and  the 
exterior  surface  was  turned  off  slightly;  after  the  3d  round  another 
one-sixteenth  iiicli  was  taken  off  the  lip  and  the  surface  was  eased  as 
before;  after  the  4tli,  ."ith,  and  6th  rounds  the  exterior  was  filed  slightly 
to  make  it  lit  the  <  liiunb«*r  easily.     Number  of  rounds  fired,  7. 

Gas  check  No.  2  (Plate  11,  Fig.  2). — This  was  No.  1  gas  check  cutoff  to  «i 
inches  in  length  and  the  hewispherical  interior  turned  out  to  cup  shape, 
with  the  exterior  reduced  by  tiling.  Number  of  rounds  employed,  1 
(No.  8). 

Gas  check  No.  3. — Steel  gas  check,  9  inches  long ;  used  for  firing 
rounds  0  to  13,  inclusive,  5  rounds. 

Gas  (heck  No,  i  (Phite  II,  Fig  3). — A  compound  gas  check,  consisting 
of  a  copper  cup  pinned  to  a  steel  base  ;  used  from  the  14th  to  the  124th 
)ou!.ds,  inclusive,  1 11  rounds.  Before  tiring  the  OOth  round  the  lip  of 
the  copj>er  rin;r  was  shortened  eleven-sixteenths  inch  ami  the  rim  on 
the  steel  head  tiled  circuniferentially.  Gas  check  readjusted  befoi*ethe 
t)8tli,  lOOth,  and  U)2d  rounds. 

Gas  chfck  No.  o  (Plate  II,  Fig.  4). — Steel  gas  check  substituted  for 
compound  one.  During  the  tiring  of  this  gun  the  gas  check  was  re- 
moved, washed  on  exterior  with  wet  cotton  waste,  and  then  wiped  with 
oihd. waste.  The  seat  in  the  gun  was  wii)ed  outafter  each  round.  This 
check  was  used  from  the  12oth  to  the  220th  rounds,  inclusive,  90 
rounds. 

Gas  check  No,  i\  (Plate  II,  Fig.  5). — New  steel  gas  check.  It  was  in- 
serted and  removed  easily  with  the  hook  before  tiring.  Stuck  after  fir- 
ing, and  removed  witij  consitleiable  dilticulty  with  a  lever.  Examina- 
tion showed  a  slight  distortion  of  gas  check  due  to  eccentricity  in  the 
seat.     Used  during  1  round  (the  221st). 
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Gas  cheek  No.  7  (same  form  as  Ko.  6). — Aluminnm  brouze  gas  check. 
Seat  for  gas  check  reamed  out  so  as  to  increase  pitch  0.1  inch od  aside. 
After  the241stroaDdadi*fectwas  discovered  presenting  a  honey  com  bed 
appearance,  through  which  water  percolated ;  the  lip  was"  beveled; 
During  the  firing  with  this  check  it  was  necessary  to  wash  and  scrapie 
the  bearing  surface  after  each  round,  as  well  as  to  clean  and  wipe  the 
seat  with  oiled  waste.  The  bearing  surface  of  the  gas  check  was  gen- 
erally smeared  with  remnants  of  cartridge  bag  and  powdw  residae. 
This  check  was  used  from  the222d  to  the  *J09th  rounds,  inclusive;  in  all, 
48roand8.  Of  these48  rounds,  in  only  14  rounds,  or29  per  cent.,  was  the 
check  removed  from  its  seat  after  firing  without  difficulty ;  in  the  other 
71  per  cent,  of  the  rounds  more  or  less  difficulty  was  experienced  in  ex- 
tracting the  gas  check. 

Oas  check  No.  8. — Aluminum  bronze  check,  with  lip  beveled—  same 
as  No.  7,  after  the  modification  made  before  the  242d  round,  but  a  more 
I>6rfect  casting.  After  round  No.  271  incipient  cracks  were  observed 
over  the  inner  surface  of  the  check,  and  the  gas  check  was  difficult  to 
remove.    Two  rounds  were  tired  wiih  this  check,  Nos.  270  and  271. 

Gas  checkNo,  9  (Plate  11,  Fig.  6). — New  steel  gas  check,  consisting  of 
a  steel  ring  fastened  to  a  steel  base  by  six  pins  passing  through  thin 
steel  and  copper  plates.  After  the  273d  round  apiece  of  sheet  tin  was 
inserted  in  rear  of  upper  side  of  check.  Gas  check  dismounted  after 
21'Jd  round,  and  it  was  found  that  gas  had  entered  all  the  joints,  though 
not  to  any  serious  extent.  This  gas  check  was  used  from  rounds  272  to 
281,  inclusive ;  in  all,  10  rounds.  In  4  rounds  only  was  it  removed  with- 
oat  difficolty. 

Gas  check  No.  10  (Plate  II,  Fig.  7). — New  gas  check;  copper  cup 
pinned  to  steel  base  and  marked  ^^  C  ";  weight,  20  pounds.  At  the  sec- 
ond round  fired  with  it  the  steel  was  found  to  be  set  out,  and  the  [>ins 
were  loosened.  Marks  of  gas  escape.  Two  rounds  fired  with  this  gas 
check,  Nos.  282  and  283. 

€hts  check  No.  11 — This  is  the  same  as  No.  9,  except  that  the  steel  ring 
is  replaced  by  a  copper  ring.  It  was  marked  "  K,^  an^  weighs  33.25 
IM>ands.  The  extractor  books  used  to  remove  the  gas  check  weigh 
13  pounds.  The  check  did  not  produce  perfect  obturation.  It  was  re- 
moved easily  except  in  first  two  rounds,  when  but  slight  difficulty  was 
foand  in  extracting  it.  This  gas  check  was  employed  during  29  rounds, 
from  the  L'84th  to  the  312th  rounds.  At  the  312th  round  the  gun  burst 
explosively.  Plate  III,  shows  the  position  after  rupture  of  the  principal 
fragments. 

THE   YATES  BREECH  JVIECHANISM. 

This  system  of  breech  fermeture  consists  of:  (1)  two  steel  breech 
clamps;  (2)  gas  check ;  (3)  cam  lever;  (4)  locking  device  for  breech. 

The  steel  breech  clamps  and  the  gas  check  are  the  essential  features 
of  the  system,  and  cannot  be  divorced  in  its  consideration,  as  witlu)ut 
the  gas  check  the  clamps  are  useless  and  impracticable. 

The  clamps  are  of  steel,  and  having  ditierent  degrees  of  elongation, 
it  is  difficult  to  have  them  sustain  equal  pressures  at  the  same  time,  as 
one  may  yield  more  than  the  other. 

The  gas  check  is  unattached  to  the  mechanilim,  which  of  itBclf  is  an 
objectionable  feature,  as  it  requires  removal  after  each  round.  In  this 
manipulation  it  is  liable  to  injury  from  dropping  or  striking  against  ob- 
jects. Its  weight  for  this  gun  has  varied  from  26  to  48.5  pounds.  For 
larger  calibers  it  would  necessarily  possess  greater  weight  and  be  m<u*e 
difficult  to  handle. 
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When  subjected  to  direct  or  slightly  inclined  fire,  the  breech  mech- 
anism is  exposed  all  the  time  to  its  eflfect. 

The  latchiug  or  locking  devices  used  at  first  were  not  sufficient  to 
hold  the  clamps  together  in  firing. 

The  steel  cap  put  over  the  tenon  Cut  on  the  rear  end  of  the  clamps 
after  the  16th  round  was  the  only  successful  locking  device  used  on  this 
gun,  but  it  is  rejected  by  the  inventor  in  his  letter  before  cited  as  not 
being  intended  for  adoption  with  his  system. 

RESULTS  OF  FIBINa. 

1.  Number  of  rounds  fired. 

The  totiil  number  of  rounds  fired  was  312.  The  gun  burst  explosively 
at  the  last  or  312th  round.  The  details  of  the  firing  will  be  found  in  the 
firing  record  and  table  ot  enlargements  appended  to  this  report.  Ap- 
pendix 48,  Keport  of  Chief  of  Ordnance  for  1885,  .page  483  et  $eq.j 
contains  the  tiring  record  for  the  first  16  rounds. 

2.  Velocities  and  pressures. 

The  following  table  records  the  velocities  and  pressures  taken  since 
the  previous  report : 

VELOCITIES  AND  PRESSURES. 


[Oun:  Eight-inch  Yat«s  breech -loading  rifle,  lined  with  Nashua  (N.  H.)  steel  tabe.  PnjectOt:  Bighi- 
inch  Hotchkias ;  weight,  181  pounds.  Powder :  Du  Font's  hexagonal  £.  V.  L. ;  density,  1.750 ;  gran. 
nlation,  72 ;  charge,  35  pounds.  InstrumenU  /or  velocity :  Two  Le  Boaleng6  dironographa  (m — 
taken).    Forpretture:  Craaher  gauge] 


Date. 


September  24, 1885. 
Do 


Do 
Do 
Do 
Do 
Do 
Do 
Do 


Mean  of  0  rounds. 


September  25, 1885. 
Do 


l£eauof2roandB. 


Ka  of 
Are. 


18 
10 
20 
21 
22 
23 
24 
25 
26 


Initial  Telocity. 


Distance 

from 
moszle. 


34 


a 

I. 

ii 


108*  2" 
108*  2" 


Feet  per 
second. 


1.483 
1.406 
1,504 
1.512 
1,506 
1.502 
1.480 
1.405 
1.502 


per 

sqoare 

inch. 


31.100 
82.150 
8.1.450 
34,600 
32,750 
33.000 
30.550 
31.400 
82.500 


Seooa 


1,490.7+ 


1,493 
1,4<M 


1,48&6 


82.88(18 


88.800 
89.750 


81^625 


Fe€L 
4.87 
4.50 
4.50 
4.50 
4.50 
4  60 
4.50 
4.50 
4.50 


4.58 


4.88 

4.60 


i.08 
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The  followiDg  table  gives  the  additioDal  pressares  taken,  without  ob 
fierving  the  velocities. 


PRESSURES. 


With  IQO'paund  Hotchkias  projectiles. 


Bftte. 


Septanber  80, 1886 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

IWmiAry  17, 1886  . 

Do 

Do 

10.  1886 

Do 


Mmn  of  13  xoonda 


87 

88 

39  j 

40  ' 

41  I 
42 

43  i 

44  I 
138  ' 
220  i 
231  I 
272 
273 


Pressare 

per 

souare 

mch. 

RecoiL 

83,050 
82.200 
84,100 
34,750 
3S,800 
20,850 
30,450 
32,050 
27,700 
28,760 
20,650 
32,400 
82,100 

Feet. 
460 
450 
4  50 
4  50 
450 
4  50 
4  50 
4  50 
a92 
8.92 
8.92 
4  00 
4  00 

31,557.7 

428+ 

Bemarks. 


E.V.L. ;  density,  1.750;  grannlation,  72. 

Da 

Do. 

Do. 

Do. 

Da 

Do. 

Do. 

Do. 

Do. 

Do.  37  pounds  this  roond. 
B.y.K.;  deusity,  1.750;  granalation,  72. 

Do. 


With  l8l'pound  Hoichkiss  prcjeetile. 

SapleailMr  21^  1886 

83 
86 

28,500 
80,800 

4  50 
450 

E.V.L. 

Do.....'. 

B.V.L. 

If  pan  of  1  roanda 

29,650 

450 

With  lQ2-pound  Hotckkisa  projeoHle. 

VM»nmrTl8w  1886 

242 
248 

28,700 
81,650 

8.96 
8.96 

B.V.K. 

Do 

Do. 

Mean  of  2  roandn 

80,175 

3.96 

The  pressares  and  velocities  were  normal ;  the  maximum  pressure  of 
35,000  pounds  per  square  inch,  prescribed  for  eight  con  verted  guns,  was 
only  exceeded  once,  in  the  16th  round,  when  it  reached  39,775  pounds 
per  square  inch.    The  mean  velocity  was  about  1,500  feet  per  second. 


a  ^^ 

3.  Enlargement  of  the  bore. 

This  is  foand  to  be  very  uniform  and  not  excessive.  The  gun  was  not 
star  ganged  daring  the  last  55  rounds ;  it  was  the  intention  to  star 
gauge  after  the  315th  round,  but  the  gun  burst  before  that  limit  was 
reached. 

Below  is  given  a  table  of  enlargements  at  the  last  star  gauging.  These 
enlargements  do  not  take  into  account  the  jiZay  of  the  tube,  which  would 
diminish  them  by  0.003  inch* 
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Table  *kowiiig  talargtmettt  of  boit  afttr  257  rwind»,  u  *kMra>  bg  (tar  gtutg*. 


[Toul  lenoth  ot  ban.  IW  incliM 
obiober  (orlsiiuli,  14.TG  inobei 
laii(lhaf  slumber  {titer  laUi  ro 


I :  MUl  kotcth  ol 
...    I.IS  iDche* :  lotnl 
D  tnbe  mid  cuiD|,  S.0P3  iDCh.) 


|l     |1 


M      &IM3 
GO  '    slooi 


i1     I 
is    I 


& 

-si 

1^ 

1^ 

RMI 

,    KHU      8.0U 

I  R.OU  I  aoos  I 


B.o«e  '  8.008 

S.OM  '  «.oo« 

ISi  ss 

&  001  &  am  ' 


4.  JtapMWjo/^re.' 


S—     iFnm  rmnd    To  roDitd 
„        '      N...-  No- 


HiiDce.   the  lime  reqiilT««l  li 


ane  nnmd  is  «■  follaWH:    I.aDjtni  Uat»  =  4  nlDalM;    tbortael 
dft:  ereregie  tlm(^  =  2.32jiulDnleB  =  2iniDat«i  10|  ieoonds. 

wbeni  gM-cbeck  or  brvecb  nMcbuisoi  gave  uacli  traoU*  oi 
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o.  Action  of  gaa-eheoka. 


■- 1 


I 

o 

I 

S 

0 


Number  of  fire. 


Gas-cbeokB. 


'From  No. — 


1 
2 
3 

4 
5 

? 

8 

0 

10 

11 


To  No.— 


Totel 

roands 

used. 


Removed 
easily. 
No— 


0 

14 

125 

222 
270 
272 
282 
284 


7 
8 
13 
r2i 
220 
221 
2()9 
271 
281 
283 
312 


Removed  ;  Removed 
witb  more    wiib  ram- 

01'  less  .'  met-  tVom 
difficulty.        mozsle, 

No.—'     I       No.— 


Number  of 

loiindn 
cscapoof  i 
gas  noted.' 


Totals. 


7  L.. 

1  ; 

5 

1 

111   ; 

22 

96  ! 

5r» 

1   ... 

48  1 

H 

2  1 

•1 

10 

4 

2  ' 

'2 

29  ; 

'2 

312  1      101 

i 

I 

1 

4 

89 
41 

M 

:;4 

1 

6 


»5 
1 
4 

52 
41 


»32 
Ml 


27 


211 


103 


46 
2 

10 
2 

27 

160 


*  Escape  of  gas  through  axial  vent  of  gas-check  oot  considered  in  this  column. 

*  Ko  recerd  whether  timber  nse<l  or  not. 
*Tbe  last  32  rounds  fired  with  gas-check  No.  4. 

*  The  last  41  rounds  fired  with  gas-check  No.  5. 

*  Removed  with  a  pinch-bar. 

*  No  remark. 

'  With  little  difficulty. 

RECAPITULATION. 


Total  number  oi  rounds  fired ., 

Number  of  ronnds  gas-check  removed  easily 

Xumuer  of  ronnda  gas-check  removed  with  more  or  less  difficulty. 


101 
211 


Xaoiber  of  rouiids  in  which  rammer  had  to  be  used  to  i-emove  gas-check 
Number  of  rounds  defective  obturation 


312 


312 
103 
100 


Percenteges:  lloiiuds. 

Rammer  required  for  extraction  of  gas-check 3^-f 

Cras-cbeck  extracted  oa-sily 32. 4 

GaA-clieok  extracted  with  more  or  IcHH  difficulty 67.6 

Defective  obturation 51.28 

BlgSUM]^. 

(1)  TUe  guu  burst  explosively  at  the  312tli  round. 

(2)  The  velocities  were  normal. 

(3)  The  pressures  were  normal  with  one  exception,  in  thcs  IGth  round, 
where  it  reached  39.775  pounds  per  square  inch. 

(4)  The  enlargements  of  the  tube  were  not  excessive. 

(5)  The  obturation  was  imperfect. 

(G)  The  ifjis-checks  were  not  satisfjictoiy. 

(7)  The  gas  check  is  heavy  and  detachable.  It  is  ditiicult  to  handle, 
and  is  liable  to  serious  injury  from  accidentiil  dropping  or  striking 
<i gainst  objects  in  rapid  tiring. 

OPINION. 


As  l>efore  stated,  'Mhe  steel  breech-clamps  and  the  gas-clieck  are  (he 
enHeniial  features  of  the  system,  and  cannot  be  divorced  in  its  consid- 
eration, as  without  the  gas-check  the  clamps  are  useless  and  impracti- 
rnble." 

The  gas-checks  presented  for  this  trial  were  detached  from  tlie  mech- 
anism, which  is  clumsy,  inconvenient,  and  objectionable.  This  arrange- 
meot  requires  the  removal  of  the  gas-check  alter  each  rouml  and  exposes 
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it  to  the  liability  of  iujury  from  accideirUil  dropping  or  striking  against 
objects. 

Wbeii  8ubjected  to  direct  or  sligbtly  inclined  fire  tUe  Yates  breecb 
mecbainsm  is  exposed  to  its  efl'ects  at  all  Hmes^  an  objection  which  does 
not  obtain  with  any  of  the  principal  breech  fernieture^  now  used  in  oar 
own  or  foreign  services. 

From  a  careful  study  of  the  results  of  the  trial  with  the  mechanisni 
presented,  and  of  all  the  information  submittetl  by  Colonel  Yates,  the 
Boanl  is  of  the  opinion  that  tbe  "Yates  breech  closing  device"  does 
not  possess  sufficient  merit  to  warrant  its  adoption  for  the  service  of 
the  United  States. 

CONCLUSION. 

The  Siucli  Yates  breech- loading  rifle  has  been  "subjected  to  the 
proper  test,  including  such  rapid  firing  as  a  like  gun  would  be  likely  to 
be  subjected  in  actual  battle,  for  the  determination  of  the  endurance 
of  tbe  same,"  and  has  not  proved  satisfactory  to  the  Board ;  therefore 
the  Board  cannot  recommend  that  it  "  be  put  to  use  in  the  Government 
service." 

Firing  record,  drawings  showing  8-inch  Yates  breech-loading  rifle, 
gas-checks,  and  position  of  fragments  after  explosion,  and  photograph 
showing  exploded  gun,  are  inclosexl. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board, 

F.  H.  PARKER, 

Major  of  Ordnance. 
GEO.  W.  McKEE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
D.  A.  LYLE, 

Captain  of  Ordnance. 

After  the  completion  of  this  report  Colonel  Yates  presented  to  the 
Board  a  communication  on  the  subject  of  his  breech  mechanism,  which, 
having  been  submitted  to  all  the  members,  is  hereunto  appended  and 
marked  A. 
For  the  Board.  • 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 


A. 

Nkw  York  Crrv,  ApHl  2,  1886. 
Col.  T.  G.  Baylor,  U.S.A., 

President  Testing  Board : 

Colonel:  I  aai  interested  in  your  rejioi^t  ouly  iu  80  far  as  regards  my  breech-closiug 
device.  It  has  ulways  been  understood  and  agreed  that  I  had  no  interest  in  the  gnn 
except  as  a  means  of  testinc  my  device.  The  progress  report  of  your  Board,  Ap- 
pendix 48)  fieport  for  1885,  ofChief  of  Ordnance,  pertains  to  my  device  in  so  far  only  as 
it  refers  to  dimcuhy  of  opening  tbe  breech  and  shaking  apart  of  the  jacket  gear  dar- 
ing tbe  first  16  rounds.  I  explained  the  trouble  as  being,  in  the  first  cane,  dne  solely 
to  the  np^etting  and  wedging  of  the  cartridge  head,  aud,  in  my  letter  to  you  of  May 
8,  1885,  claimed  that  the  latter  trouble  was  dne  to  vibration,  &c.,  and  the* experience 
in  all  rounds  since  the  16th  is  proof  of  the  truth  of  my  statements.  Yon  will  do  me 
%he  justice  to  sa^  that  I  never  did  object  to  pressoieSi  and  a8^e4  to  have  the  chaml^er 
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eiilaiged  to  "provide  for  increased  oharffeti,  if  desired,"  wbioh  meant  higher  pressures 
and  a  more  severe  test  of  my  system.  I  nad  no  reason  to  fear  hish  pressares.  I  have 
always  said  that  the  breech  should  be  the  strongest  part  of  a  gnn,  and  if  mine 
is  not  so,  it  has  no  value.  My  device  has  realized  all  that  I  ever  claimed  for  it ;  it 
worked  as  easily  and  well  at  the  312th  as  at  the  1st  round,  and  would  have  done  as 
well  to  the  5,000tii  if  the  gun  had  not  failed.  The  cartridge-heads  and  gas-cbeoks 
osed  are  no  part  of  my  breech-closing  system.  The  inclosed  sketch  exhibits  a  gas- 
check  long  used  and  approved  in  Europe,  is  easily  adapted  to  my  system  of  breech- 
closiDg,  and  there  can  be  no  question  as  to  its  operatiou.  I  hope  to  prove  that  no 
gas-check,  as  such,  is  needed  in  my  case.  If  instructious  to  your  Board  require  re- 
ports upon  the  gun,  and  upon  my  cartridges  or  cartridge- heads,  I  respectfully  request 
that  the  report  on  my  '* breecn-loadiug  system"  may  be  kept  distinct  and  inde- 
pendent. 

The  provision  by  Congress  was  to  test  *'  breech-loading  devices.''  The  provision 
by  the  Secretary  of  War  was  to  test  the  "  Tates  breech-loading  device."  I  was  not 
permitted  to  make  a  gun,  and  accepted  the  conversion  only  because  it  was  under- 
stood and  agreed  that  the  only  thing  on  trial  and  to  be  tested  was  my  breech- 
loading  device. 

It  was  so  stated  by  me  to  your  Board  from  first  to  last,  and  In  my  letter  to  the  Chief 
of  Ordnance  of  December  31, 1884,  copy  of  which  you  have,  after  speaking  of  troubles 
with  metal,  d^c,  I  said.  '^  It  is  understood  that  this  is  to  be  a  test  of  my  breech-closing 
device,  audi,  in  order  that  the  trial  may  not  be  delayed,  I  accept  the  gun,  depending 
npoD  a  fair  consideration  of  the  conditions." 

I  also  ask  that  in  your  report  yon  refer  only  to  the  '*  Yates  breech- loading  device," 
or  system,  not  Yates  gun  or  ride,  which  has  no  existence.  I  ask  only  that  my  system 
of  breech-loading  be  considered  singly,  on  its  merits ;  not  burdened  with  matters  not 
properly  belonging  to  it.  You  will  understand  this  only  as  the  expression  of  a  wish 
to  have  this  matter  presented  as  simply  and  fairly  as  may  be.  I  have  to  thank  your 
Board  for  the  manifest  disposition  to  do  everything  needful  to  make  this  test  com- 
plete and  satisfactory  to  the  Government  and  to  myself. 
Very  respeotfollyy  year  obedient  servant, 

THEO.  YATES. 
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Hetord  offirintf  icith  S-inch  i'atea  hreech'loading  rifle  at  Saudy 


P.  M.  —  Barometer, 
29.896;  tlienuoine- 
ter,  68.0;    humid-' 
ilv,  68. 


Prqjectilo. 


27  ,  Sept.  25 

28  Sept.  25 

29  Sept.  25 

A.  M.- Barometer,       ^0  Sept25 

30.229;  thermom«^-  »    „,  «     .  .,- 

ter,   65.2;    linmid  ^     ^^  Sept  25 
ity,77. 


32  Sept  25 

33  ,  Sept  25 

34  j  Sept  25 

35  [  Sept.  30 

36  Sept  30 

t 

37  Sept  30 

i 

38  Sept  30 

39  Sept  30 

40  Sept  30 

41  Sept.  30 

42  Sept  30 

43  Sept  30 

44  Sept  30 


P.  IL  —  Barometer,  . 
29.969;  tbermome-^ 
ter,  71.4  ;   humid- 
ity, 77. 


45  :  Sept  30 

46  ;  Sept  30 

I 

47  Sept  30 

48  S<>pt.  30 

49  I  Sept  30 


a 

S 
u 


P 


c4 


a 
o 
u 

a 

M 
« 


a 
o 

0 
P 


35 

35 

I 

35 

I 
35  I 

35 

I 

35  I 
33 
35  I 
35 

35 

I 

35 

I 

35  1 

I 

35  : 

i 

35  '■ 

I 

'35 

I  35  '■ 
35  ' 

!  35 

I        I 
35 

f  35  I 


Hotchkiss 
Hotobkiss 
UotchklM 
Hotchkiss 
Hotchkiss 

Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkids 
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,  N.  J.,fivM  atpUmber^,  1685,  la  JforcA  36,  1866. 


Special  rODiarks  about  ftxh  Are.  ancb  oa  oflect  on 
piece,  aaimd  of  imilBctile  In  Hixbt,  Anltrrlne  ur 


Btfnra  arintt,  Dew  loekinc  illak  fltted  to  bnerh.    Teat  pUoed  at  10  incben  (Wim  bottom  of  bom 
HUlvr  Ifdgthaiwd  1  Inobea,    Cof^et  and  MksI  Koa-obeck  naed. 


1 
6. 

1^ 


BiKbt  KDlde-balt  brok^ 


Breei^DpenEd  aoil 

Mcape  of  gas. 
Breeob  op«iwd  and 


naily.    No 
luil.v.    Ko 


.    Oaa-i'bvi^k  oiled. 


Braeoh  op*iieil  (uuily.      ,_  .  .... 

moTed  eaaU]-,    No  MCane  of  iraa. 

BttmL  c>]]<'D«1  «ully.     ^aa.cEwic  (not  ollc 

nioTrd  eaaity.    No  eacapo  of  faa. 

Bmcli  oppoiicl  (Mail),     (iaa-i'beili  (not  oil.i 


lech  opened  eaaily.    Gan. 


Gat-rbeck  rnnmed  eaidlj. 


wclirrk  munr«I  witli  anmo ilUBrnlty. 


;  Rammer  liail  to  be  n««l  to  r«nnne  gaa-oheck. 
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Secord  of  firing  mih  8^nek  Taies  hrmok-loading  rUe,  at  Smmd^ 


P.  H.  —  Barometer, 
29.089;  thermome- • 
ter,  71.4;   hnmid-^ 
ity.77. 


A.  M. — Barometer,  I 
80.105;  thennome-J 
ter,  68 1  humidity,' 
80. 


o 

z 

a 

0 


50 
61 
58 
53 
54 
55 
50 
57 
58 
59 
00 
01 


64 
65 
66 
67 
68 
60 
70 
71 
73 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 


Time. 


1885l 
Sept  80 

Sept  80 

Sept  80 

Sept  80 

Sept  30 

Sept  30 

Sept  30 

Sept  80 

Sept  80 

Sept  80 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 


Powder. 


B3nd. 


I 

0 


s 


a 


•4 


o 


.4 


iZte. 
85 

85 

35 

85 

35 

35 

35 

35 

85 

35 

35 

35 

85 

35 

85 

35 

35 

35 

85 

35 

35 

35 

35  ! 

35 

35 

35 

35 

35 

35 

35 

33 

35 

35 

35 

35 


Pn^leotile. 


Kind. 


35 


HotehklM 
HotchUas 
Hotohkifls 
Hotohkisa 
Hotohkias 
Hotohkiaa 
Hotohkias 
Hotohkiaa 
Hotchkisa 
Hotohkiaa 
HotchUaa 
Hotohkiaa 
Hotohkiaa 
HotohkiM 
Hotohkiaa 
Hotohkiaa 
Hotohkiaa 
Hotohkiaa 
Hotohkiaa 
Hotohkiaa 
HotchUaa 
Hotohkiaa 
Hotohkiaa 
Hotohkiaa 
Hotohkiaa 
Hotohkiaa 
Hotohkiaa 
Hotohkiaa 
Hotchkiaa 
Hotohkiaa 
Hotchkiaa 
Hotchkiaa 
Hotchkiaa 
Hotohkiaa 
Hotchkiaa 
Hotchkiaa 


I 

I 


I 


Xftff. 
182 


82 
82 
82 
82 
82 
78 
78 
78 
81 
81 
81 
81 
81 
81 
81 

181 
81 
81 
81 
81 
81 
81 
81 
81 

181 
81 
81 
81 
77 
77 
77 
77 
77 
77 


t 

s 


—40 


—48 
—48 
—48 
—48 
—48 


—48 


► 

3 
8 

B 


4.60 
4.60 
4.50 
4.60 
4.50 
4.60 
4.50 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.50 
4.60 
4.60 
4.50 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.» 
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Mook,  N.  J.,  from  September  24,  1885,  to  March  26,  1886— Continued. 


a    , 


a 

a 

£ 


a 

o 

s 

t 

1 

1 


i 


8 

1 

a 

i 


I 

I 

CO 

1 


8 

«» 


Before  round  GO  gtm  washed  out  and 
then  gauged.    Lip  of  copper  rinp 
in  gas-check  shortened  \\  inch  and 
rim  on  steel  head  filed  off  cicum 
ferentiaUy. 


% 

a 
a 

a 
1 


Onn  washed  ont. 


I 

1 


Special  remarks  about  each  fire,  such  as  effect  on 
piece,  sound  of  projectile  in  flij^ht,  scattering  of 
fragments,  &c. 


>  Hammer  had  to  be  used  to  remove  gaa^heok. 


Gas-check  removed  easily. 


^Gkw-check  removed  with  some  difficulty. 


6331  OR- 


Bammer  had  to  be  inserted  from  muzzle  to  remove 
.  gas -check  from  seat. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Record  of  firing  with  flinch  Yates  hreeck-toadiny  rifte,  at  Saudi/ 


Vi 
O 

u 

a 

'A 


Time. 


A.  If.  —  Baroiucter, 
30.10.'»;  thi'imorae- . 
ter.  OS;   hnmitlify, 
ho. 


P.  M.  —  Barometer. 
:M).U.'>4:  tbermome- 
f^'r.  m-,  liiimidicy. 
70. 


A.  M.  —  BftTomoter, 
30.081;  tbeniiome- i 
ter,  fl©.7:    linmM'^ 
ity.  100. 


86 

87 

i  88 

89 

90 

'  91 

92 

i  93 

I  91 

95 

06 

97 

98 

99 

100 

101 

IU2 

103 

lOi 

il05 

I 

iioe 

il07 

I 

108 

I 
.109 

'no 

I 
111 

112 

I 
118 

114 

r,115 

116 

117 

118 

119 

120 


1885. 
Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

0<t, 

Oct. 

;Oct. 

0«'t. 

!Oct. 

I 

I  Oct. 

I 

I  Oct. 

I 

!  Oct. 

Oct 
Oct 
Oct 
Oct 
Oct. 
Oct 
Oct 
Oct 
Oct 
Oct. 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct. 
Oct. 
Oct. 
Oct 
Oct 


o 


Powder. 


Prqjectile. 


Kind.     .J 


Kind. 


^  ; 


C4 

a' 

e 

a 


S 


> 
H 

"3 

a 
o 

bC 

ea 
H 
» 


a 
o 


Lbi. 
35 

35 

35 

35 

35 

i        i 
35 

35 

35 

35  i 

35  ! 

35 

35  i 

35  . 

35  I 

35 

35 

35 

i 
35 

35 

35  , 

I 

35 
35  • 

35 

I 
35 

35 

35 

35 

35 

35  1 

35! 

35 


i 


,  35 


35 


Hotchkiss  . 
Hotchkiss  . 
Hotchkiss  . 
Hotchkiss  . 
Hotchkiss  . 
Hotchkiss.. 
Hotchkiss  . 
Hotchkiss  .. 
Hotohkiss  .. 
Hotchkiss  . . 
Hotchkiss  .. 
Hotchkiss  . 
Hotchkiss  .. 
Hotchkiss  .. 
Hotchkiss  .. 
Hotchkiss  .. 
Hotchkiss  .. 
Hotchkiss  .. 
Rotchkiss  .. 
Hotckhiss  . . 
Hotchkiss  .. 
Hotchkiss  ., 
Hot4>hkiss  .. 
HotclikiSA  .. 
Hotchkiss  . . 
Hotchkiss  .. 
Hotchkiss  ., 
Hotchkiss  . 
Hotchkiss  .. 
Hotchkiss  . 
Hotchkiss  . 
Hotchkiss  . 
HotchkisA  . 
Hotchkiss  . 
Hotchkiss  . 


if 


Lti. 
77 

77 

77 

77 


i 


—48 


U  fa. 

es  s 

si 

S.a 


B 

s 


Pounds. 


FetL 


i 


-48 
—48 


82     -48 
82 


82  —48 

82  —48 

82  —48 

82  -48 

82  —48 

82  —48 

81  —48 


[81 

—48 

[80 

—15 

80 

-15 

80 

—15 

[79 

—15 

[78 

—15 

[78 

—15 

[78 

—15 

[78 

—30 

[77 

—30 

177 

-30 

[81 

-30 

[81 

—30 

[81 

—30 

[81 

—30 

[81 

-30 

[81 

—30 

81 

—30 

181 

—30 

181 

—30 

181 

.  —30 

181 

-30 

•  •  • 


o 


Feet. 
4.50 

4.50 

4.50 

4,50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.54 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.69 

4.60 

4.50 

4.60 

4.50 

4.60 

4.50 

4.00 

4.50 

4.50 
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IJook,  X,  J.,  from  Sepiemhtr  '24,  1«85,  to  March  26,  188(>— Coutinuecl. 


1 

1 

a 


Fired  in  25  minutes. 


Gnn  WMbe<!  ont. 


3 
O 


a 


I 


s 


2: 


Special  remarkR  about  each  fire,  such  as  elfoot  on 
piece,  sound  of  projectile  in  flight,  scattering  of 
fragments,  S:v. 


.Rammer  had  to  be  inserted  from  muzzle  to  remove 
gas-check  from  seat. 


Gas-check  removed  with  considerable  difficulty. 


\  A      I  Slight  escape  of  gas  around  head  of  check. 

'     OS 

Slight  escape  of  gas  around  head  of  check. 


Before  round  98  imts  oo  bolt  8 
holding  copp<;r  disk  to  sti'cl 
plate  tightened  ii)>. 

Before  round  100  rojipcr  head  re- 
moved fiuu)  check,  oxnniioed. 
replaced,  nnd  filed  over  bcnriii^ 
surface. 

I  6 

I  ^ 

I  •B     I^ft  truck-wheel  jarred  oflf.  Steel 
g         litraring  g;iH-<he<'k  fih'd  down. 

*•? 

a 
1 

o 

t 


es 
a 

3     . 

«  c 

s 


«  • 
2  1 


[ 


Slight  escape  of  gas  around  hea^l  of  check. 

Considerable  esc-ape  of  gas. 

Slight  escape  of  gas. 

Slight  escape  of  gas . 

^        Slight  escape  of  gas. 

Gas-check  removed  with  difficulty  by  extractor. 
Slight  escape  of  gas. 


s  Very  slight  escape  of  gM. 


Gun  star-ganged. 


VI 


^  Fired  in  19  minutes. 


a 

c 

1 

S3 

(1 

B 


>  Slight  escape  of  gas. 
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Record  of  firintj  with  S-inch  Yates  breecli- loading  rijlcy  at  iSuudy 


f 


o 
t-l 


Time. 


u  M.  —  Barometer, 
30.031;  tbermome- • 
ter,  59.7;    hnroid- 
ity.  100. 


121 
122 
123 
124 
123 
128 
127 
128 
129 
180 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
148 
144 
145 
148 
147 
148 
149 
150 
151 
152 
153 
154 


1885. 
Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct. 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct. 

Oct 

Oct 

Oct 

Oct 

Oct 

• 

Oct 
Oct 
Oct 
Oct. 
Oct. 
Oct. 
Oct 


2 
2 
2 
2 
2 
2 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
o 

o 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

o 

«. 

2 
«> 


Powder. 


Kind. 


Oct 
Oct     2  J 


I 

S 

a 
S 

ec 

s 


1-3 
"3 

Q 
O 

u 

H 

« 


a 
o 


Projectile. 


Kind. 


Lbt 

35 

3o 
35 
35 
35 
35 
35 
35 
35 
35 
35 

35' 

35  ! 

35 

I 
35 

35 

35  i 

35  i 

35  I 

35, 

35 

35 

85 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 


35 


•mm 

9 


Lbt. 


I" 
> 


a  « 

tm 

f^3 


Hotcbkifts  .. 

181 

—30 

Hotchkiss  . . 

181 

—30 

Hotchkiae  . . 

181 

—30 

Hotchkiss  . . 

181 

—30 

Hotchkias  .. 

181 

—80 

Hotchkiss  . . 

181 

—30 

Hotchkiss  .. 

181 

—30 

Hotchkiss  .. 

181 

—30 

Hotchkiss  .. 

181 

—30 

Hotchkiss  .. 

178 

—30 

Hotchkiss  .. 

178 

—30 

Hotchkiss  . . 

178 

—30 

Hotchkiss  . . 

178 

—30 

Hotchkiss  . . 

178 

-30 

Hotchkiss  .. 

177 

—30 

Hotchkiss.. 

177 

—30 

Hotchkiss  .. 

177 

-00 

Hotchkiss  . . 

180 

—30 

Hotchkiss  . . 

180 

—30 

Hotchkiss  . 

180 

—30 

Hotchkiss  . . 

180 

-80 

Hotchkiss  . . 

182 

—30 

Hotchkiss  .. 

182 

—30 

Hi>tchkiss  . . 

182 

—30 

Hotchkiss  . . 

181 

—30 

Hotchkiss  .. 

181 

—30 

HotohkisH  .. 

181 

—30 

Hotchkiss  . . 

181 

-30 

Hotchkiss  .. 

181 

—30 

Hotchkiss  . . 

181 

—30 

Hotchkiss  .. 

181 

—30 

Hotchkiss  . . 

181 

-30 

Hotchkias  . . 

181 

—30 

Hotchkiss  .. 

181 

—30 

Pottndt. 


> 
-3 

Q 

5 
£ 

« 

a 


Ftet. 


) 


Feet. 

4.50 

4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
:  4.50 
4.50 
4.50 
4.50 
4..'i0 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.60 
4.60 
4.50 
4.50 
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BmA,  JV.  J.,  from  Seplmiber  'H,  1885,  U>  Moroh  26,  Ir^Hfi— Continuod. 


Sperlul  remarka  about  etib  Iee.  mnh  u  effsob 


remarka  about  HiUi  Iee,  mnh  u  eOsol  Hi 
wnnd  of  projHDtile  in  Higbc.  nattering  o. 


}  Fired  In  18  mliiuti 


1i 


Cbrwk  tappsd  gcnil;  Into  aeM,  and  allCir  Sdng  n 
msred  by  axtnotor.    ITo  «a(i^«  of  km- 
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Record  of  firing  icith  S-iuch  Yates  breeck-loading  rifte^  at  Sandy 


P.  M.  —  Barometer, 
29.966;  thermome- 
ter, 63;  humidity,') 
02. 


I 


56 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
6» 
70 
71 


Powder. 


Projet^tile. 


Time. 


1885. 
Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct 

Oct. 


72  I  Oct 


73 


Oct. 


74  !  Oct 
I 

75  i  Oct 


76 
77 
78 
79 
80 
81 
82 
83 
84 
85 


Oct 

Oct. 

Oct 

Oct 

Oct* 

Oct 

Oct 

Oct. 

Oct 

Oct 


86  Oct 

87  ;Oct 

88  I  Oct. 
189  ;  Oct 

I  190    Oct 


Kind.     ^ 


.a 
o 


Kind. 


2 
•> 

M 
•> 

2 

2 
o 

o 

o 

2 

2 

2 

2 

2 
2 

-  I 

I 


2. 


Lbs 


35 
35 
35 
35 
35 


o 


2 

o 


c 


a 

o 

CO 

M 

« 


8 


35 

I 

35' 


35 

3,-.  I 

35  ' 

i        < 

1  35  I 
35  I 

»! 

35  i 
35  I 

35 

j 

35 
35  i 
35, 

35  I 
35 
35 
35 

35 : 

35  I 

I 

35  I 

35 

35 

35 

35 

35 

35 

35 

35  ; 


Hotchkias 
Hotchkiss 
HotchkisM 
Hotchkiss 
Hotchkias 
HotchkisA 
Hotchkis8 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkit»s 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkiss 
Hotchkias 
Hotchkiss 
Hotchkiss 
Bot4'.hkiss 
Hotchkiss 
Hotrhki.ss 
Hotchki.HM 
Hotolikiss 
Hotchkiss 


'i 


if 


81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 


§  = 

S£ 

% 

cr« 

-s 

4> 
> 

S"^ 

^  ._ 

2 

c 

. 

Cg 

Q 

O 

£i 

s 

■** 

C^ 

a 

1      ea 

c  O 

^ 

lev 

l-s 

m 
B 

» 

p^5 

1     /  . 

TwtndM. 

Feet. 

'  —30 

—30 

1 

'  —30 

m^^-k. 

9 


—30 

I 
I 

—30  ■ 

—30  ' 

—30 

—30 

—30 

—30 

—30 

—30 

—30 

—30 

—30 

—30 

—30 

—30 

—30 

—30 

—30 

—30 

—30 4.50 

—30  ; • 4.50 

-30  1 :4.50 

—30  4.50 

—30  , 4.50 

—30  ' 4.50 

—30 j 4.50 

-30  1 1 4.50 

—30  I ,  4.60 

—30  ; I  4.50 

—30  I :  4.50 

I  ! 

—30  ' I  4.50 


Feet. 

4.50 

4.50 
! 
i  4.50 

,  4.  5U 

!  4.50 
4.50 
4.50 
4  50 
4.50 
4.50 
4.^ 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 

'  4.50 
4.50 

I  4.50 


( 


—30 
—30 


4.60 
4.80 
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Book,  X  J.,  from  September  24,  1885,  1o  March  2(5,  188(5--Coutiiiued. 


a 
5 


3 

a 
a 


9« 

I 


3 

a 

a 
5 


Sp<H;ial  reraarkB  about  oacli  flro,  nncb  an  vfft'ut  on 
piece,  sound  of  projectilo  in  fli;;lit,  ftcattcring  of 
fragnienta,  &c. 


Gnn  washed  out,  vxamined,  and 
star-gauged. 


« 

a 
« 

mm 

•5 

a 
c 
u 


a 

2 

o 


a 
.9 

a 


a 
o 
ja 

a 


?! 

o 

(A 


a 

a 
o 


^  Check  tauped  'geully  into  seat,  and  after  Mring  re- 
moved oy  extractor.    No  escai>e  of  gas. 


.  I  Rammer  used  to  eject  gas-cbeck.    Sli;;ht  escape 
of  gas  along  lower  element  of  check. 


U 
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Record  of  firing  with.  Q-inch  Tales  breech-loadifig  rPfltj  at  Sandif 


s 

Time. 

Powder. 

Pnyectile. 

• 

—30 
—30 
—30 
—80 
—30 
—30 
—30 
—30 
—30 
—30 
—30 
—30 
.—80 
—30 
—30 
—30 
—30 
—30 
-30 
—30 
—30 
—30 
—30 
-30 
—30 
—30 
—30 
—30 
—30 
—30 

—35 

sl 

i  o 

m 

>» 

"i 
1 

-a 

■*^ 

a 

S 

e 

• 

a 

i 

1 

I 

t 

i 

■ 

m 

o 

1 

Kind. 

• 

ja 

Lb,. 
35 

35 

35 

35 

35 

35 

35 

1 
i  35 

1  35 

1 
1  35 

35 

35 

35 

35 

35 

35 

!  35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

;35 

j  35 
35 

35 

1 

1 
1 

t 
1 

Kind. 

• 

Lbs. 

181 

181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
181 
131 
181 
181 

180 

1    1885 
il91     Oct 

19S  ;oct 

2 
2 
2 
2 
2 
2 
2 
2 
2 

•» 

2 

2 
o 

2 

O 

2 
2 

o 

2 

2 

2 

1 

2, 

1 

o 

j 

21 

2 

2 
o  ■ 

oi 

2> 

1 

1 
19 

Du  Pout's  hexagonal  E.  V.  L.    Density,  1.750;  granulation,  72. 

Hotchkiss  .. 
Hotchkiss  . . 
Hotchkiss  .. 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  .. 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  .. 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . 
Hotchkiss  . . 
Hotchkiss  . 
Hotchkiss  . 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  .. 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . . 
Hotchkiss  . . 

Hotchkiss  .. 

Pounds. 

Feet. 

Fsst. 
4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.60 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.60 

4.50 

4.60 

8.88 

193 
194 
195 

Oct 
Oct 
Oct 

1 

1 

il96    Oct 

1        1 
197  '  Oct 

1198    Oct 

199  ,  Oct 

200  Oct 

201  Oct 

202  :  Oct 

1 

203  1  Oct 

204  ioct 

205  '  Oct 

1 

206  ,Oct 

207  Oct 

208  Oct 

209  Oct 

210  Oct 

1 

211  1  Oct 
'212    Oct 

213  ;  Oct 

214  Oct. 

1 
1 

1 

'" 

P.  M-  —  Barometer, 
29.965;  thennonio- 
ter  63:   hnmiditv, ' 
92. 

i 
1 

1 
! 

215 
216 
217 
218 
219 
220 

1 
221 

Oct 
Oct 
Oct 
Oct. 
Oct 
Oct 

1886 
Jan. 

P.  M.  —  Barometer, 
29.912;  thermomo.1 
ter,  84.9;    hamid- f 

ity,  100.                   J 
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Book,  K.  J.,  fnm  September  24, 1885,  to  March  26,  1886— Continued. 
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Speoiid  remarks  about  each  Are,  aiioh  as  effect  on 
piece,  Bound  of  projectile  in  flighty  soattertaig  of 
nagments,  Ac 


^Bammer  used  to  ^ect  gasKsheok.    Slight  eaoape 
'    of  gas  along  lower  element  of  check. 


rijdit 


Gvn  washed  out,  coEamined,  and  star- 
gauged. 


Fired  into  sand  batt 


Bammer  used  to  ^ect  gas-check.    Slight  escape 
of  gas  along  lower  element  of  check. 


During  the  firing  of  this  gun,  after  gas-check  bad 
been  remoTcd,  it  has  been  washed  on  the  outside 
with  wet  waste  and  then  wi3>ed  with  oiled  waste, 
and  its  seat  in  gun  has  been  wiped  out  tStev  each 
round. 

New  steel  gas.cheok  inserted  and  removed  easily 
before  firing  with  hook.  Stuck  after  firing,  and 
removed  with  considerable  di£BcuIty  by  the  as- 
sistance of  pinch  bar.  Bzamination  showed 
slight  distoruon  of  the  gaa-check  due  to  eccen- 
tricity in  the  seat. 
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Beoord  of  firwg  with  ^inch  ¥ate$  breeoh-toading  rifle,  at  Samdjf 


• 

1 

^« 
o 

a 

a 

222 
223 
1224 
225 
226 
227 
228 
229 
230 
231 
232 
233 

234 

1 
»35 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 
247 
248 
249 
250 
251 
2S2 
253 
254 
285 
256 
S7 

Time. 

Powder.    '■        PrciJeeCile. 

• 

Pressure  per  sqaare 
inch  of  bore  (Cmsher) . 

• 

1 

► 

3 

% 

I 

►5 

1 
3.50 

Kind. 

• 

1 

Lb9. 
35 

Kind. 

A 

tc 

I 

lAn. 
180 
180 
180 
180 
180 
180 

180 

1 
1  180 

180 

180 

181 

1886. 
Feb.  17 
Feb.  17 
Feb.  17 
Feb.  17 
Feb.  17 
Feb.  17  i 
Feb.  17  ; 
Feb.  17 

Feb.  17  i 

! 

Fob.  17 

1 

Feb.  17  i 
Feb.  17 
Feb.  17 
Feb.  17  i 

1 

Feb.  17  i 
Feb.  17  1 
Feb.  17 
Feb.  17 
Feb.  17 
Feb.  17  ; 
Feb.  18  1 
Feb.  18  ' 
Feb.  18; 
Feb.  18 

Feb.  18 
Feb.  18 
Feb.  18 
Feb.  18 
Feb.  18 
Feb.  18 
Feb.  18 
Feb.  18 
Feb.  18 
Feb.  18 
Feb.  18 
Ftob.  18 

1 

1 

1 

• 

1 

-35 
—35 
-35 
—35 
—35 
—35 
—35 
—35 
-35 
—35 
—40 
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,35 
35 
35 
35 
35 

!35 

i  35 

! 

'  35 
37 

!  35 
35 
35 
35 

1  ^ 
35 

35 

35 

35 

35 

35 

35 

35 

35 

35 
35 
35 
35 
35 
35 
35 
35 
35 
3,-. 
35 
35 

3.58 
8.75 

1 
3.67  ' 



3.92 

P.  M.  —  llarometer, 
30.303;  thermome- 
I'ter,  30;  humidity,  "^ 
67. 

27.700 
28,750 



29,  CW 

■•••••  -  • 
•••••• 

3.92 
3.02 
:i.92 
3.92 

rt  01 

181 

—40 

3.92 

1 
181      —40 

3.9(1 

181 
181 
180 
180 
180 

—40 
—40 
—40 
—40 
40 

a.  92 
3.92 

**•"*••*' 

3.92 

.T92  1 
3. 9-^ 

180 

-40 

8.92  ! 

180 
182 
182 
182 
182 

181 
181 
181 
181 
180 
180 
180 
180 
180 
180 
180 
180 

—40 
-40 
—40 
—40 
—40 

-40 
—40 
—40 
—40 
—40 
—40 
—40 
-40 
—40 
-40 
—40 
—40 

1 
8.92 

r 

28,700 
81.652 

3.96 
8.96 
4.00 
4.00 

4.00 
4.00 
4.06 
4.08 
4.10 
4.10 
4.12 
4.16 
4.16 
4.16 
4.16 
4.16 

« 

• 

A.  M.  —  Uarometer. 
30.186;  therniome- , 
ter.39;   humiditv. 
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tlook,  y.  J,,  from  September  24,  1885,  to  March  26,  1886— Cuntiuued. 
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Special  i-einarks  about  each  firo,  micb  aH  effect  im 
piece,  sound  of  projectile  in  flight,  scattering  of 
fragments,  &c.  . 


Before  round  222  gas-che*>k  seat  reamed  ont  so  as  to  increase  pitch  -^  inch  on  a  side.    Aluminum  bronze 

Marks  from  gas  on  under  side  of  check. 


C 

a 

CO 
JO 

a 
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«» 
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a 
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9 
{       1 


a 

«s 


I 
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I 
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a 

E 


•    00    »H 

^"5  o 


0.9 


S  Si 
08  an 


1^ 


s 


a 


Marks  of  gas  all  around  gas-check,  but  most  marked 
on  under  side. 


oGa8-chr<;k  i"enioved  with  ctmnider- 
^  able  difficulty.  Gas  marks  as  be- 
tJ    fore. 


Gas-check  removed  with  considerable  difficulty. 
Gas-check  removed  with  considerable  difficulty. 

Oas-check    removed  with  considerable  difficulty. 

Pieces  of  bag  on  outside  with  gas  marks. 
Gas  check  removed  wi  th  less  difficulty.    Gas  mark s 

as  bef«»re. 
Gas  check    removed  with  much   difficulty.     Gas 

marks  as  before. 


> 


a 


"After  round  241  a  defect  in  bronze  gas-check  (presenting  honey-combed  appearance 


S    allowed  water  to  percolate. 

.S  Before  round  242  lip  beveled  on  gas- 

rs    check. 


Cartridge  in  tin  case. 


Gaa-check  badly  smeared  with  parts 
of  bag  and  otner  prodnct«  and  re- 
moved with  more  difficulty  than 
in  previous  rounds  with  this  check. 


j     Gun  wa8b*>d  out  before  check  was 
removed. 


Marks  of  gas  as  before,  but  less  in  extent.    Check 

removedeaaily. 
Marks  of  gas  as  l)eforc,  but  less  in  extent.    Check 

removca  easily. 
Marksof  gas  as  before,  but  less  in  extent.    Bemoved 

eauily. 
Gas-check  removed    with  oonaiderable  difficulty. 

Check  marked  badly  by  gases.   £ody  of  tin  case 

blown  out. 
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Record  of  firing  with  S-inch  Yates  hreech-loading  rifles,  at  Sandy 


1 

o 

1 

258 

Time. 

» 

1886. 
Feb.  18 

259 

Feb.  18 

260 

Feb.  18 

261 

Feb.  18 

282 

Feb.  18 

263 

Feb.  18 

p.  M.  —  Barometer, 
30.141;  thermome- 
ter, 44;  humidity,  < 
77. 

264 
265 

Feb.  18 
Feb.  18 

266 

Feb.  18 

267 

Feb.  18 

268 

Feb.  18 

269 

Feb.  18 

270 

Feb.  18 

271 

Feb.  18 

272 

Mar.  10 

273 

Mar.  10 

274 

Mar.  10 

P.  H.  —  Barometer, 
29.958;  tbermome- 1 
ter,35;  humidity, 
75. 

275 
276 

277 

Mar.  10 
Mar.  10 

Mar.  10 

278 
279 

Mar.  10 
Mar.  10 

280 

Mar.  10 

1 

281 

Mar.  10  ; 

1 

282 

Mar.  25 

P.  If.  —  Barometer, 
29.849;  thermome- 
ter, 58;  humidity,  i 

283 
284 

Mar.  25, 
Mar.  25  j 

285 

Mar.  251 

Powder. 


Kind. 
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P 


Ub9 
35 

86 

85 

35 
35 
35 
35 
35 
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35 
35 
35 
35 

35 

35 
35 
35 

35 
35 

35 

35 
35 
35 
35 
35 
35 

3:i 
85  IJ 


Projectile. 


Kind. 
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•a 
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Lbt. 
180 

179 

179 

179 

179 

179 

179 

177 

177 

177 

177 

176 

176 
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180 
180 
180 

180 
180 

IdO 
180 
180 
180 
180 
180 
180 


a 

o 


—40 
—40 
—40 


—40 
—40 
—40 
—40 
—40 
—40 
—40 
—40 
—40 

—40 


1^ 
c8  « 

9J3 


Poundt. 


S 


Feet 


—45 
—45 


32,400 
32,100 


—45 
—45 

—45 
—45 


-45 
—45 
—45 
—45 


9 


Feei. 
4.16 

4.16 

4.16 

4.16 

4.16 

4.16 

4.16 

4.16 

4.16 

4.16 

4.16 

4. 25 

4.25 

4.25 

4.00 
4.00 
4.00 


180     —45 


180     -45 


4.00 
4.00 

4.00 
4.00 
4.00 
4.00 
4.00 
3.93 

8.92  , 

I 

3.92  j 

3.93  I 
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Becord  of  ftring  wiih  S-inch  hreech-loadiny  rifiey  at  Sandy 


Powder. 


:  ^ 


Projectile. 


^  !   Time. 


a 

0 


Kind. 


I 


A.M.  —  Barometer, 
30.044;  thermome- 
ter, 46.r> ;  hnmid  ^ 
ity,  83. 


286 

1287 

I 

|288 

289 

290 

291 

292 

293 

294 

296 

296 

297 

296 

299 

300 

301 

802 

303 

304 

805 

306 

307 

808 

309 

310 

311 

312 


!  1886. 
Mar.  20 

Mar.  26 

Mar.  26 

Mar.  26 

Mar.  26 

Mar.  26 

Mar.  26 

Mar.  26 

Mar.  26 

Mar.  26 

Mar.  26 

Mar.  26 

Mar.  26 


a 
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I- 
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Kind. 


Lbs. 
85 

35 

35 

35 

35 

35 

35 

35 

35 

85 


35 

I 
I   I 

35 

I  35  ' 


I  Mar.  26  >  Q  .  35 


Mar.  26 
Mar.  26 
Mar.  26 
Mar.  26 
Mar.  26 
Mar.  26 
Mar.  26 
Mar.  26 
>  Mar.  26 
Mar.  26 
Mar.  26 
Mar.  26 
Mar.  26 


"S 

o 
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M 
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35 

35  ; 
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85 
35 
35 
35 

35  I 

I    I 

35 

I 
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a 

08 
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"3 
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tf 


Lb§. 
180 

180 

180 

180 

180 

180 

180 
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180 

180 
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180 

180 

180 

180 

180 

180 

180 

180 

180 

180 
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Si 

0U3 

ei 


■*i         I 


P 

Pound*. 

c 

5 

—50 

Fml 

—50 

—^ 

1 
1 

—50 

—50 

—50 

— V) 

—50 

—50 

—50 

—50 

1 

-50 

1 

—50 
—50 
—50 
—50 
—50 
—50 
—50 
—50 
—60 
—50 
—50 
—50 
—50 
—50 
—50 


Fe$L 
8.92 

3.92  ! 

I 

3.92 

3.92 

3.92 

3.92 

8.92 

3.92 

8.92 

8.92 

8.92 

3.92 

8.92 

8.92 

I 
3.92  ! 

8.92 

3.02 

3.92 

8.92 

3.02 

3.92 

8.92 

3.92 

3w92 

3.92 

3.92 

3.92 
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Appendix  10. 


PnOGRESS  REPORT  ON   THE   TWELVE-INCH  BREECH-LOADING  RIFLE, 
CAST-IRON,  BY  THE  BOARD  APPOINTED  UNDER  ACT  OF  JULY  5,  1884. 

(1  plate.) 

A  comm animation  from  the  Chief  of  OrdnauCe  to  tbe  Ordnance  Board, 
dated  September  11, 1885,  directed  that  the  12-inch  rifle  fihoold  be  tarned 
over  to  the  "  Board  for  Testing  Eifled  Gannon,  &c.,"  as  soon  <as  a  supply 
of  brown  prismatic  powder  for  the  gnn  had  been  obtained.  On  Novem- 
ber 11,  1885,  the  Ordnance  Board,  in  accordance  with  the  directions 
above  given,  turned  over  the  gun  to  the  Testing  Board,  which  had  been 
called  upon  by  its  president.  Colonel  Baylor,  to  meet  at  the  Ordnance- 
Proving  Ground  at  Sandy  Hook  for  the  purpose  of  arranging  a  pro- 
gramme for  the  test  of  the  gun. 

Before  the  assembling  of  the  Board,  in  accordance  with  this  call,  the 
gun  had  been  fired  5  proof  rounds  by  the  officer  in  charge  of  the  Prov- 
ing Ground  and  22  rounds  by  the  Ordnance  Board.  The  records  of  the 
firing,  except  for  rounds  26  and  27,  are  published  in  Appendix  No.  20 
of  the  Report  of  the  Chief  of  Ordnance  for  1885.  With  the  exception 
of  the  first  5  rounds,  which  were  fired  with  such  charges  and  projectiles 
as  the  contract  required  should  be  used  to  determine  the  acceptance  or 
rejection  of  the  gun  by  the  United  States,  the  object  of  the  firing  up  to 
the  27th  round  was  to  test  certain  powders  and  projectiles.  German 
co^a  powder  and  Du  Font's  brown  prismatic  powder  of  different  densi- 
ties were  used,  shot  weighing  700, 760,  and  800  pounds,  some  with  single 
and  some  with  double  bands,  were  fired,  the  bands  being  made  either  of 
pure  copper  or  copper  alloyed  with  zinc. 

On  November  11, 1885,  all  the  members  of  the  *' Board  for  Testing 
Bifled  Cannon,  &c.,"  being  present,  the  gun  w^as  received  by  them. 

The  gun  is  described  and  illustrated  in  Appendix  No.  24  of  the  Report 
of  the  Chief  of  Ordnance  for  1885,  the  said  appendix  being  the  construc- 
tion report  of  Capt.  D.  A.  Lyle,  who  was  on  foundry  duty  at  the  South 
Boston  Iron  Works  during  the  fabrication  of  the  piece. 

The  test  of  the  gun  by  this  Board  was  taken  into  consideration,  and 
before  arranging  a  programme  for  it  the  following  extract  from  the  con- 
tract for  the  powder  to  be  used  was  read : 

•  *  •  One  hnndred  and  thirty-five  thousand  pounds  of  brown  prismatic  powder 
(N.  M.  type,  density  1.8^3,  approximately),  at  27  cents  per  pound. 

This  powder  must  fulfill  the  following  conditions  when  iired  from  a  12-inch  B.  L. 
rifle  of  28  caliber  length  of  bore,  in  charges  of  265  pounds,  with  a  projectile  of  800 
pounds,  and  a  capacity  of  powder-chamber  of  33  cubic  inches  per  pound  of  ]K)wder, 
or  a  density  of  loading  of  0.8363,  namely:  Velocity  not  less  than  1,700  feet  at  12r>  feet 
from  muzzle ;  pressure  not  greater  than  32,G00  pounds  per  square  inch  of  powder- 
chamber. 

This  powder  to  be  delivered  In  lots  of  15,000  pounds,  at  such  times  as  the  United 
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States  may  direct,  or  within  iivo  weeks  after  the  receipt  of  au  order  from  the  Chief  of 
OrdDance  for  each  lot  of  15,000  pounds — fclOO  ponnds  of  each  lot  to  be  delivered  for 
proof-firing  prior  to  its  acceptance.    *    •     * 

The  Board  then  proceeded  to  discuss  and  arrange  a  programme  for 
the  test  of  the  12-inch  cast-iron  rifle,  with  the  following  result: 

A. — Endurance  test 

The  Board  decided  that  500  rounds,  with  26S  pounds  of  powder  and 
800-pound  projectiles,  should  be  fired  for  this  test. 

B. — Teat  for  proof  of  poicder^  for  Jciiid  of  band  on  prcjeetilesy  accuracyj 
ranges  at  different  elevations^  and  to  complete  endurance  test. 

(1)  Three  rounds,  or  as  many  as  may  be  necessary,  from  each  suc- 
cessive lot  of  powder,  using  single-banded  projectiles,  to  prove  the 
powder. 

(2)  Fifty  rounds,  to  determine  best  method  of  banding  projectiles — 
25  rounds  with  single-handed  and  25  rounds  with  double-banded  pro- 
jectiles— subject  to  modifications  in  firing  should  either  method  of  band- 
ing show  a  decided  superiority. 

(3)  Twenty-five  rounds  at  target,  giving  greatest  practicable  range 
and  using  the  best  sliot,  for  accuracy. 

(4)  Fifty  rounds  over  water,  at  diSOferent  elevations,  for  range. 

(5)  The  remainder  of  the  500  rounds  to  be  fli'ed  as  rapidly  as  con- 
venient to  complete  the  endurance  test. 

Firing  under  this  programme  commenced  November  19, 1S85,  with 
round  No.  28,  and  the  charges  used  were  265  pounds  of  Da  Font's 
brown  prismatic  powder,  except  for  rounds  34, 35, 36,  and  37,  when  the 
weights  of  the  charges  were,  respectively,  100, 150, 200,  and  230  pounds 
of  the  same  powder.  The  gun  had  just  before  the  34th  round  be^i 
mounted  upon  a  pneumatic-gnu  carriage,  and  it  was  necessary  to  arrive 
gradually  at  the  maximum  charge,  in  order  to  test  the  mechanism  of 
the  carriage. 

The  full  firing  record  of  the  gun  from  the  first  round  to  the  one  last 
fired  (the  137th)  is  appended,  although,  as  before  stated,  the  Testing 
Board  has  directed  the  firing  ouly  from  the  28th  round.  A  table  of  en- 
lai^ements  is  also  inclosed. 

The  brown  prismatic  powder  was,  as  stated  by  the  contract,  to  be 
furnished  in  lots  of  15,000  pounds,  a  sample  of  each  lot  being  first  tried 
before  the  remainder  was  delivered.  If  the  sample  did  not  accord  with 
the  requirements,  then  a  new  sample  was  to  be  furnished. 

When  this  Board  commenced  firing  the  gun  some  brown  prismatic 
powder,  marked  N.  E.,  density  1.814,  was  on  hand,  and  rounds  28,  29, 
and  30  wer(»>  tired  with  it.  The  designation  of  the  powder  principally 
furnished  wjis  N.  V.,  and  up  to  this  time  four  complete  lots  of  N.  V. 
powder  and  two  samples  of  the  fifth  lot  have  been  received.  The  dis- 
tinguishing marks  of  the  lots  are  numbers  appended  to  the  letters  N.  V., 
as  N.'V.,  Lot  1;  N.  V.,  Lot  2 ;  N.  V.,  Lot  3.  Moreover,  the  Messrs.  Du 
Pont  stated  that  in  each  lot  there  were  slight  differences,  indicated  either 
by  the  word  **  sample  "  or  bv  numerals,  as :  N.  V.,  Lot  I,  sample ;  H.  V., 
Lot  1.  No.  1;  N.  v.,  Lot  1.  No.  2;  N.  V.,  Lot  1,  No.  3;  N.  V.,  Lot  2, 
sample;  N.  V.,  Lot  2,  No.  1;  N.  V.,  Lot  2,  No.  2,  &c.;  N.  V.,  Lot  3, 
sample ;  N.  Y.,  Lot  3,  No.  1,  «&e. 

Incidentally  connected  thus  with  the  test  of  the  gun,  lots  of  brown 
prismatic  iiowder  were  tested  when  the  nature  of  tiie  firing  carried  oa 
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piTiuitted,  but  up  to  tlie  present  time  a  test  of  tbe  different  kinds  bas 
not  been  completed. 

The  following  is  a  list  of  the  kinds  of  bro^n  prismatic  powder  re- 
ceived : 

■  Density. 

N.R 1.814 

N.V.,  Lot  1,  saraplo,  No.  1,  No.  S>,  No.  3 1.830 

N.V.,  Lot*<i,  sample,  No.  l,No.  2,  No.  3 1.818 

N.  v.,  Lot  3,  sample,  No.  l,No.  2,No.  3 1.826 

K.V.,  Lot  4.  sample,  No.  1,  No.  2,  No.  3 1.822 

N.  v..  Lot  5,  iirat  sample  rejected 1.  h25 

Second  sample  received. 

The  kinds  which  have  been  tested  with  the  normal  charges  and  the 
resalts  obtained  are  indicated  in  the  following : 

Table  showing  muzzle  vclooilies  and  pressures  obtained  with  SOO-ponnd  projectUee  and  265- 

pound  charffea  of  brown  prismatic  powder. 


Velocity. 


Pressure. 


Bonds. 


Maxi- 
mum. 


1,782 
1,7H3 


1.7C0 
1,734 
1,  782 


1.767 
1,  f»92 
1,712 
1,762 


1,726 
1,712 
1,715 
1, 703 


1,794  ' 


1,809 


Miui- 
mum. 


1,705 


1,757 
1.727 
1,778 


1,743 
1,683 
1,694 
1,747 


1,725 


Mean. 


1, 773. 5 


o  . 


1, 767.  C 
1,730.4 
1,780 


1,755 
1, 687. 5 
1, 703 
1,754.5 


3 

4 

4 


6 

4 
4 
4 


6 
2 

4 
4 


6 


Maxi.  I  Mini- 
mam,     mum. 


Mean. 


S 

s 


30, 700 
32, 100 


26,625 
27,150 
31,450 


28,400 
25, 7<K) 
26, 800 
30,500 


27, 175 
27,850 
28,000 
27, 300 


33,000 


34. 400 


29,900 


0,300 


24, 200 
25,100 
28,800 


27,800 
24. 850 
25,300 
20,850 


24,400 
27.000 
2'),  500 
26,500 


31,800 


32,900 


25,042 
26.  :t94 
30,106 


28, 075 
25. 2.T8 
20, 075 
30, 033 


25, 700 
27, 425 
26,750 
20,900 


32.350 


83.500 


1 
2 


2 

1 
1 


Kind. 


Copper. 
JJo. 


Do. 
Alloy. 
Do. 


Do. 

Do. 

Do. 

Copper. 


Alloy. 
Copper. 

Do! 


AUoy. 


Do. 


*  This  sample  rejected. 


The  following  kinds  of  powder  received  have  not  as  :^et  been  tested 
with  the  800-pound  projectile,  viz:  N.  V.,  Lot  1,  No.  1;  N.  V.,  Lot  4, 
No8. 1,  2,  aud  3.  The  sample  of  N.  V.,  Lot  5,  has  been  rejected,  and  a 
new  sample  lately  received  has  not  yet  been  tested. 

Some  of  the  firing  was  arranged  to  test  the  relative  merits  of  single 
and  double  bands,  of  copper  or  alloy  bands,  and  the  nfFect  of  changes 
in  the  position  of  the  bands,  but  there  have  not  been  sufficient  data  col- 
lected to  permit  a  thorough  study  of  these  questions,  although  there 
were  indic^itions  that  the  cast  bands  are  equal  to,  perhaps  a  little 
saperior  to,  the  rolled,  and  that  3.5  inches  from  the  base  Qf  the  shot  is 
a  slightly  better  position  for  the  band,  than  2.5  inches. 
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Tbe  tiumbcr  ami  Daturu  of  the  cbarges  fired  is  giveu  in  the  following : 

Table  ihowing  U)«  numter  0/  ckarg«»  of  d^eml  Kcigbtt  fired. 


v„c„. 

ProlHldle. 

1 

1 

Kind. 

1 

1 

BudL 

i 

Ko. 

Ktaa. 

i 

i 

2B5 
MS 

i 

la 

HIS 
MS 
MS 

MS 

£hr. 

700 
TOO 

TM 
tM 

1^ 

•mo 

TOO 

a 

TM 
TBd 

ess 

TOO 
«<M 

m 

cpjp./:::::;::::: 

a 

3 

1: 

1:S 

i.sn 

iff 

■■i.7io" 

UMt 

i.tit 

1.830 

■■i.M»" 

SS::::::::::::::;:::;;:;:;::::::::; 

.rsr.::::: :::::; 

^^RT:::;:::::: 

^n  ttiTODjrli  th«  wtd  (Me  roDdd  £t  of  ftrtbg  tmotO)  towud  the  base  of  tbe  kqd. 


The  totiil  number  of  roiiuds  fired  with  2G5-pound  charges  of  jjower 
and  70U-|K>und  projectiles  was  3 ;  with  20o'i)ouud  ehnrges  and  7SU-|>onnd 
projectiles,  41 ;  with  2G5'|)ouud  chur^es  and  SOOpound  projectiles,  TO; 
or  123  rounds  with  full  charges  of  irowder. 

Omitting  a  roaud  fired  with  15U  pouuds  of  hexagonal  |K>wder  and 
a  700-pound  Hotcbkiss  projectile,  which,  us  stated  in  a  note  to  the  fore- 
going table,  was  cousidered  abnormal,  the  highest  pressure 'dereIoi>ed 
wa8  34,400  pounds,  and  with  the  same  oDiission  the  pressure,  which  was 
fixed  by  the  contract  at  32,500  ponods,  i^as  exceeded  five  times,  viz,  in 
the  26th,  72d,  74th,  98th,  and  99th  rounds,  when  tbe  excess  of  pressure, 
Hs  measured  by  the  gauge,  which  gave  the  highest  record,  was  1 ,475, 200, 
COO.  600, 1,000  pounds  per  square  inch,  respectively.  The  mean  of  all 
tbe  pressures  with,  26D-pound  charges  and  800  pound  projectiles  was 
27,908  poauds  to  tbe  square  iuch,  aud  is  tbe  result  of  100  observations, 
some  taken  with  a  single  pressure  gauge  and  some  with  two  pressure 
gauges  operating  simultaneously. 

At  the  50th  round  it  was  observed  that  the  bore  of  tbe  gun  was 
slightly  eroded  circumfereutially  over  both  lands  and  grooves,  tbe  sur- 
face presenting  tbe  appearance  of  a  coarse  file  with  teeth  arranged  in 
parallel  plaues  normal  to  the  axis  of  the  piece.  This  rough  surface  cat 
down  the  rests  of  the  star  gange  where  they  were  passed  through  tbe 
tore.  At  the  96tb  round  erosions  appeared  on  the  forward  sloi>e  of  the 
powder  chamber,  in  tbe  shot  chamber,  and  extended  in  some  cases  into 
tbe  rified  part  of  the  bore.  Their  general  direction  was  parallel  to  the 
axis.  Impressions  taken  showed  their  depth.  At  tbe  125th  round  an- 
other set  of  impressions  showed  that  the  orosiims  had  perceptibly  in- 
creased, and  at  tbe  lj.»th  round  they  bad  incroased  still  more,  the  ex- 
tremities of  the  enMled  surfaces  presenting  the  appearance  of  floe  hair- 
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lines.  At  the  137th  round  a  final  set  of  impressions  was  obtained,  and, 
with  photographs  taken  by  means  of  the  electric  light,  are  forwarded 
herewith. 
The  best  marked  erosions,  three  in  number,  are  situated  as  follows : 
One  at  the  top  begins  about  T  7|^''  from  face  of  breech;  ends  about 
7'  2^"  from  face  of  breech. 

One  at  the  right  begins  about  T  1-^"  from  face  of  breech ;  ends  about 
&  9^"  from  face  of  breech. 

One  just  to  the  right  of  the  bottom  of  the  bore  begins  about  7'  m" 
from  the  face  of  the  breech ;  ends  about  7'  0^"  from  face  of  breech. 

The  Board  understands  that  large  rifled  guns  using  the  present 
powders  are  subject  to  similar  injury,  and  that  it  is  deemed  necessary 
to  insert  a  lining  after  a  certain  number  of  rounds  have  been  fired. 
The  Board  has  not  been  able  to  obtain  data  to  show  what  particular 
guns  have  been  so  aifected  or  after  how  many  rounds  such  injuries  have 
occurred. 

The  12-inch  cast-iron  gun  in  its  present  condition  is  believed  by  the 
Board  to  be  unsafe,  and  it  is  thought  that  its  life  will  be  prolonged  by 
the  introduction  of  a  steel  lining.  It  does  not,  however,  consider  that 
sufficient  information  is  in  its  hands  to  warrant  a  recommendation  that 
the  gun  be  lined;  but  in  view  of  the  fact  that  a  12inch  cast-iron  srun 
lined  with  steel  for  a  part  of  its  length  is  in  process  of  fabrication  and 
will  probably  be  soon  completed,  the  Board  deems  it  best  that  further 
trial  of  the  12-inch  cast-iron  gun  be  suspended  till  the  new  12-inch  gun 
can  be  tried  and  the  effect  of  the  steel  lining  be  determined. 

J.  MCALLISTER, 
Colonel  of  Ordnance,  President  of  the  Board. 

A.  MORDECAI, 
Lieutenant' Colonel  of  Ordnance. 
F.  H.  PARKER, 

Major  of  Ordnance. 
CHARLES  SHALBR, 

Captain  of  Ordnance. 
D.  A.  LYLE, 

Captain  of  Ordnance. 


118 


REPORT  OP  THE  CHIEF  OP  ORDNANCE. 


Hecard  of  firing  tcith  12-inch  experitnental  cast-iron  hreeck'toadiHg  rifle  at 


1 

1 

1                                                            1 
Powder.        i      Pri>Jectile.      i 

§ 

i^  1    1 

1 

,■ 

1 

hi    If  ■ 

1  . 

1 

1 

of  fire 

1           ;    '   • 

Time. 

1 
1 

1 

■ 

B 

u 

Kind.      .  ^         Kind. 

43    : 

a   ' 

Op*       srr     — • 

a 

if 

bt 

p«     ir     c 

• 

o 

1 

*4»  ; 

O       ' 

ft. 

1 

1885.     . 

i      :               1 

Uu                     Lb* 

Pounds.  ' 

FM.    Feet 

A.  M.— Barometer,  1 

1                      '        ' 

1              * 

30.222;  tbermom- 1 
eter.66.3;  bnmid-  f 

1 

1 

June  10  ' ' 

1 

150    1 

f 

TOO 

—    85 

19,600  1    1.370  13.58 

ity.67.1.                J 

' 

S= 

■ 

! 
1 

Pj 

1 
I 

1 

1 

1 

1 

'     =2 

■        i 

• 

1 

2  3 

i 

1 

:2 

o  a 
June  10    >     &g     i 

150  1 

700 

—    44 

10.830       1,351 

3.79 

«  M 

1 

1 
1 

P.  IL— Barometer,    . 

1 

M 

• 

1                             ! 

30.  IM:  thermom-, 

t 

? 

^ 

1 

eter,77.3;  humid  " 

• 

. 

ity.w. 

S-i 

.      8      J 

1 

9m 

-z      ^ 

1 

'i3 

June  19    ^     Q         i  150 

•§ 
1 

700 

1 

—    44 

,      19.675 

1 

1 

1,873 

4.00 

126'  6|" 

4 

June  23 

P  >»a 

'  150 

700 

-    56 

24,600  i    1.430   4.52 

1 

o-^— • 

1 

1 

1 

1 

1 

»S5 

1 

1 
1 

I 

1 

1 

P.  H.—Barometer, 

1 

i 

• 

1 

1 

30.032;  thermom- 

. 

1 

, 

eter.  70.4;  humid-' 
lty,40. 

a       —CO 

i 

i 

5 

Jane  23  i 

10           1 

150    J                 I 

1 

700 

—    60 

47,250 

1,495 

4.67 

126^  61" 

A.  M.— Barometer, • 

• 

80.21C;  thermom- 
eter, 74.6 ;  humid- 
ity. 48.                   J 

1 

1 

June  25  ' 

1 

• 

225     Double 

J            band  B. 

t 

1 

1        1 

,700 

-1    5 

25,550A 
20.850B 

1,606 

&.4S 

V 

•e 

174' 

7 

June  25  . 

e 

a 

245 

1 

!700 

—1    5 

28,600A 
21, 550  B 

1,727  !5.56 

1 

8 

June  25 

1 

1265 

< 

700 

—1    7 

30, 250 a:    1,796  5.62 

P.  M. — ^Barometer, 

1 

a 

1 

'     1      ' 

29,725B                  ' 

30.103;  thermom- J 

at 

1 
1 

' 

eter,80.1;  humid-' 

174'  1" 

ity,  S5. 

1 

^ 

O 

"ee 

; 

1 
1 

9 

June  25 

265  ' 

p 

750 

-1  10 

31.975  A*     1.753   5.90 

i      . 

tE 

1 

32.000B                  1 

10 

June  25    , 

I  .'265 

jflOO 

—1  10 

31, 400  A 

1, 703  15. 06 

1      1 

1 

81, 400  B 

1 
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8mtitSo«k,  S.  J.,  from  June  19,  1885,  to  Maji  25,  1886— Continued. 


% 


'IS 
I" 


Si 


25s 


MP 


Spedal  Tsmarks  about  each  Are,  snch  as  effect  on  piece,  sound  of  projectile  in  flight,  scat- 
tering of  fragments,  &c. 


(  Rear  of  chamber  for 
^  Density  of  loading,  0.582.  I     length  of  12^  inches 

(     closed  with  wood. 


o 
o 


o 

o 
m 

% 


a< 


C4 

0 

s 

00 

o 
0 

1 


i  Rear  of  chamber  for 
Density  of  loading,  O.GIO.  <     lejxgth  of  15  inches 

(     clOiwd  with  wood. 


i  Rear  of  chamber  for 
Density  of  loading,  0.785.  <     length  of  25  inches 

(     closed  with  wood. 

C  Rear  of  chamber  for 
Density  of  loading,  0.785.  <     length  of  25  inches 

(     closed  with  wood. 


C  Rear  of  chamber  for 
Density  nf  loading,  0.900.  <     length  of  30  inches 

C     closed  with  wood. 


t 

O 

s 

m 
o 

e 

..• 

>» 


§• 

S 

1 

o 
"3 

a 

0 


Two  pressure  plugs  place<l  in  mushroom-head,  marked  A 
easily;  opened  with  little  difliculty;  no  escape  of  gas. 


and  B.    Block  dosed 


\l< 


e 
s 


Block  opened  easily,  but  closed  with  diflBculty ;  no  escape  of  gas. 
Before  firing  clasp  on  rear  of  obturator  stem  replaced  oy  screw>nnt  and 

asbestos  gas-check,  lined  as  wdl  as  covered  with  asbestos  cloth. 
Opened  ^ith  ease  by  one  man  after  flrin<r,  and  sioiilarly  closed  after  load' 

ing,  but  with  more  difficulty.    Considerable  (juantity  of  partially-con* 

snmed  grains  of  powder. 
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Beeard  of  firing  wiih  12-%nek  eJDpeHmenial  cast-iron  rfreeek-UaOing  ri/Umi 


i 

O 

i 

a 

a 
"A 


f  n 


A.  H.— Barometer, 
S9.876;  thermom- 
eter,  09.4 ;  humid- ' 
Ity.  «7. 


A.  IL^Barometer, 
M.075;  thermom< . 
•ter.78.3;  humid- 
ity. 72. 


IS 


IS 


14 


15 


C— Barometer, ) 
.947;  thermom-I 
Br,81.3;  humid*  f 
r.62.  J 


P.  H.— Barometer, 
S9.947; 
eter, 

1^. 


▲.  H.— Barometer, 
S0.M8;  therm<nn> 
eter,  80.1;  humid- 
lt7»«&8. 


} 


P.  H.— Barometer, 
80.089;  ihermom- 
•ter,67.8;  humid 


Timei 


Powder. 


Kind. 


18g6. 

July    3 


July    3 


July    3 


Julv     8 


July    8 


10 


17 


18 


19 


10 


July     8 


July  15 


July  10 


Sept  10 


Sept  10 


o 


z 

.a 


a 
o 

d 
Q 


4i 


225 


245 


205 


PrqjectfleL 


Kind. 


•a 


Lb$ 
700 


700 


Single 
band  A. 


I  205  If    ^ 


I 


3C      •■ 

O 


J 


205 


s 

.a 
o 


700 


800 


205     Single 
band  A. 


• 


• 


h  Z  O 


205 


Double 
bandB. 


205  Single  baadirSO 

I         A. 


750 


750 


750 


245 


205 


i 


.9 

CO 


800 


800 


I 


O      f 

-1  10 


—1  10 


-1  10 


—1  10 


-1  10 


-1  10 


hi 


i 


2- 

3 


PiMtfUiC. 

18,200A 
18,250B 


20,425A 
20.S00B 


21,825A 
22,2S0B 


28,825A 
28.8i9B 


88,400A 
83,SS5B 


S8,100A 
S1,700B 

(Cmaher) 


28,700  A 
24,100  B 


20,875  A 
20.825  B 


1. 


14.10 


4.80 


1,670 


4.80 


&4S 


174' 8* 


1.700 


&4S 


&06 


&78 
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Sndg  ITooi,  y.  J.,  from  .Taut  19,  1885,  to  May  25,  1636— Coo  tinned. 


RpKlal  TvmarkH  al 


sncfa  lu  rthct  on  piece,  wmnd  of  pnOentlle  In  flight,  Bb*t- 
Miing  fngmsDU,  &c 


1111 
IN 

%' 


I": 


Goodflight  Plml  orer  water  for  nnge.    TiniearfllKht,lUucoiids  . 


aooli  opened  eneily.  bn 
Jefiire  flrlnic  Cl»p  do  r 

Opened  with  rue  by'on.t  nmn  nfier  flrins.  and  simlUrly  c1 
but  nitli  more  difficalty.  CuaMldonlUe  >|uiiu1.II.v  n 
Bit  ifrulnn  ot  ponder. 


•V'S"- 
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1     aumed  poviier  piokeid  np. 
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Httord  ^firing  will  12-iaek  rxptrumtKlal  eMt-JroM  treeeft-lsorfijt^  ri/Ie  at 
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mo  I  —1 10      tt,n 


MMi    —II*.      M.Mt  i    1,748  5.18. 
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If  HooJe,  N.  J.,fivtt  Jmtt  19,  1685,  to  Mag  25, 1886— Continued. 
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Fired  iDlA  (DDil  bnlt.    8n» 
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Bteori  of  firing  mtk  12-ino&  experimeMal  ead-irox  lirteeK-toading  rifie  at 
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H  Am£,  N.  J.,  from  Jvm  V),  lOUD,  to  May  25,  1886— CoDtiuuod. 


QnD  monnted  on  pneudiktlii  cnrriikgn. 


lIlJ 

J  1*3 


1=1 

H 


!iil 


Fired  Into  uiad  butt  lu  ti^  pnoao 


Find  lulu  »u>it  fiuit  lo  try  ponder. 
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Record  of  firing  witk  l%iHch  experimental  oast-iron  hreech-loadimg  r^fie  at 
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Saul)  Book,  X.  J.,  Jrom  Jnne  13,  1885,  to  Slaii  25,  16t36— Conlinu«d. 
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Bteord  of  firiiig  with  rJ-iHcA  experiaiBMtal  eatl-iro»  brmoh-toadiag  r\/h  at 
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Smiidjf  Book,  y.  J., /romJuHt  19,  1885,  toMag2[>,  1686— Continaed. 
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Rtoord  of  firing  with  Virinch  exj^trimenial  cati-inm  hreeoh- loading  rifle  at 


1 

%4 
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1 

a 
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'A 
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ta 
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1 
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P4 
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1 
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\g  S«ck,  X.  J. ,  from  Jmn«  19,  1885,  lo  May  25, 1886— CoDtinaed. 
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Eeeord  of  firing  leith  Vl-inoh  experinailal  cast-iron  bmA-Joading  rijle  at 
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&Mdy  Hook,  y.  J.,  from  Jtme  19, 1885,  to  ifag  25, 18»6-ContiQned. 
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Btord  qf  firing  leitk  12-fiMk  ei^trimeKUil  oatt-iron  brettk-lt 
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iSm^f  HoofCy  N,  J,,  from  June  19,  1885,  to  May  25, 1886— Continued. 
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2.10 
2.08 
2.08 
2.16 
2.33 
2.75 
!  2.16 
2.16 
2.33 
2.50 
2.71 


Special  remarks  about  each  Are,  snch  as  effect  on  piece,  sound  of  projectile  in  flight, 

scattering  of  fragments,  &c. 


*  Fired  into  sand  hntt  to  try  powder.    Block  opened  and  closed  without  difllonlty. 


It  was  foand  that  pinion  was  upset. 

Breech  closed  eanily,  but  opened  with  some  difBonlty. 

>  Breech  opened  with  some  difficulty,  though  pinion  bad  been  previously  eased. 
Fired  into  sand  butt  for  endurance. 

» Breech  opened  stiffly;  due,  however,  to  gearing. 

Gun  starpauged  and  impressions  taken. 

Brass  pinion  for  lockinr^  eased  before  firing.'   Breech  opened  and  closed  with  com- 
parative easo  by  two  men. 
Brceclt  opened  and  closed  with  more  difficulty  ftrom  upsetting  of  brass  pinion. 


i 


e 


2.08 


Fired  into  sand  bntt  for  endurance 


^Breech  opened  and  closed  with 
considerable  difficulty. 


>  Fired  into  sand  butt.    Fired  in  presence  of  Naval  Board. 
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Appendix   11. 


PROGRESS  REPORT  ON  THE  U-INCH  MUZZLE-LOADING  RIFLED  MORTAR, 
CAST-IRON,  HOOPED  WITH  STEEL,  BY  THE  BOARD  FOR  TESTING  RI- 
FLED CANNON,  ETC.,  APPOINTED  UNDER  THE  ACT  OF  CONGRESS  AP- 
PROVED JULY  5,  1884. 

(1  plate.) 

The  12-inch  muzzle-loading  rifled  mortar,  cast-iron,  hooped  with  steel, 
was  turned  over  for  trial  to  the  Board  for  Testing  Rifled  Cannon,  &c.,  by 
the  Ordnance  Board,  on  July  9,  1885. 

After  fabrication  this  mortar  was  first  placed  in  the  hands  of  the 
Ordnance  Board  for  preliminary  firing,  with  a  view  (1)  to  determine  a 
suitable  powder  to  use;  (2)  to  ascertain  the  dimensions  of  the  sabots  ; 
(3)  to  see  if  the  walls  of  the  shells  had  sufficient  thickness ;  and  (4)  to 
test  the  general  working  of  the  carriage. 

The  Ordnance  Board  tired  44  rounds  before  the  transfer,  and  the  re- 
sults are  contained  in  its  report,  forming  Appendix  19,  Eeport  of  the 
Chief  of  Ordnance  for  1885,  page  123,  et  seq. 

The  details  concerning  the  piece  will  be  found  in  the  Construction 
Report  of  the  Inspector  of  Ordnance,  C7.  S.  A.,  Boston,  Mass.  (See 
Appendix  25,  page  175,  et  seq.j  Report  of  Chief  of  Ordnance,  U.  S.  A., 
for  1885.) 

The  trials  of  this  mortar  have  progressed  as  rapidly  as  circumstances 
would  permit,  but  are  not  yet  completed. 

Principal  dimensions. 

Total  length inches..  127 

Length  of  rifled  portion  of  bore do 92 

Length  of  chamber do 19.25 

Total  length  of  bore do 111.25 

Diameter  of  bore do 11. 998 

Diameter  of  chamber do 11. 848 

Thickness  of  metal  at  breech do 16.2 

Volume  of  chamber cubic  inches..  1,819.6 

Volume  of  bore  in  front  of  chamber do 10, 461. 5 

Total  volume  of  bore do 12,  281.1 

Diameter  of  cast-iron  body  under  hooping inches . .  *31. 03 

Exterior  diameter  of  Row  A  (under  row),  except  Ai do t35.93 

Length  of  Row  A do....  65.75 

Exterior  diameter  of  Ai do t37. 1 

Thickness  of  Row  A  (except  Ai) do....  t2.5 

Thickness  of  Ai do t3.01 

Number  of  A  hoops ....do....  8 

Exterior  diameter  of  Row  B  (outside  row),  except  B9 do....  t41.50 

Length  of  Row  B do 54.76 

Exterior  diameter  of  Bj  (trunnion  hoop).. do...-  t4l.50 

*  Diameters  of  cast-iron  body  vary  for  the  different  zones  under  the  hoops. 
t  Approximate. 
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Thickness  of  Row  B  (except  B2) , inches..  2,8 

Thicknessof  B, do....  3.28 

Number  of  B  hoops do 6 

WeighU, 
Weight  of  mortar : 

In  pounds 30,330 

In  American  tons  (2,000  pounds  each) 15. 165 

Id  English  tons  (2,240  pounds  each) 13.540+ 

Preponderance  at  tangent  to  breech  124. 4  pounds,  say  pounds 125 

RIFLING. 

The  rifling  is  polygroove,  having  an  equal  number  of  lands  and 
grooves,  and  with  a  twist  first  increasing  and  then  uniform  to  the 
muzzle. 

DetaiU. 

Groove^: 

Number 40 

Width 1 inch..     0.6425 

Depth do...     0.0595 

Width  of  lands do...     0.3 

Radius  of  fillet,  bottom  of  lands do...     0.06 

Lands  rounded  with  radius  of do...     0.01 

Twist: 

Increasing :  at  origin,  1  turn  in  100  calibers ;  at  3. 5  inches  from  muzzle,  1 

turn  in  35  calibers. 
Uniform:  at  3.5  inches  from  muzzle,  1  turn  in  35  calibers;  at  muzzle,  1 
turu  in  35  calibers. 

Total  length  of  rifled  portion  of  bore inches..        92 

Length  of  bore  having  increasing  twist do H8.5 

Length  of  bore  having  uniform  twist ..do....  3.5 

VENTING. 

The  vent  ^0.2  inch  in  diameter)  has  a  copper  bushing.  The  project- 
ing portion  is  hexagonal,  to  facilitate  its  removal,  when  necessary,  by 
means  of  a  wrench.  The  lower  end  of  the  vent-bushing  is  shaped  to 
the  curve  of  the  surface  of  the  chamber. 

Position  of  vent. 

Distance  from  bottom  of  chamber inches..     4.95 

Distance  to  left  of  vertical  plane  tli rough  axis do....     3,00 

PROJECTILES. 

These  were  12-inch  shells  tilled  with  enough  sand  to  bring  them  to  a 
uniform  weight  of  CIO  pounds  each. 

The  results  given  in  tables  7  and  8  were  obtained  with  projectiles 
containing  from  22  to  25  |)ounds  of  sand. 

SABOTS. 

Three  kinds  of  Eureka  sabots  were  furnished  for  the  trials,  and  were 
marked  A,  B,  and  C,  in  the  order  of  their  sensitiveness  to  expansion, 
the  first  named,  A,  being  the  least  sensivive.  These  sabots  are  figurecl 
in  Plate  I,  Appendix  10,  i)age  135,  Report  of  Chief  of  Ordnance  for 
1885. 

It  was  not  deemed  advisable  to  have  two  sabots,  one  for  use  with  the 
full  charges  and  one  for  use  with  the  half  charges  of  powder. 
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Experiment  showed  that  sabots  A  and  B  were  not  sensitive  enough 
for  use  with  both  charges ;  they  were  therefore  rejected.  Sabot  C  was 
foand  to  be  better  than  either  of  the  others,  but  still  not  quite  sensitive 
eooogh.  It  was  modified  by  turning  out  more  metal  from  the  base  and 
thinning  the  lip  to  ^  (^^05)  of  an  inch  in  thickness.  This  modified 
sabot,  which  will  be  designated  in  this  report  as  sabot  D,  was  found  to 
act  better  than  either  of  the  others.  Oreat  care  was  taken  to  see  that 
this  sabot  (D)  conformed  accurately  to  the  templet-gauge.  This  pre- 
caution is  necessary  if  uniformity  of  action  and  accuracy  of  flight  are 
to  be  secured. 

The  trials  show  that  these  sabots  are  very  sensitive  to  slight  varia- 
tions in  thickness  of  the  lip,  and  indicate  that  if  the  best  results  are  to  be 
obtained,  the  whole  base  of  the  sabot  should  be  machined  and  carefully 
gauged. 

Sabot  D  is  shown  in  Plate. 

POWDERS. 

During  the  trials,  M.  W.^  M.  V.,E.  V.  F.,  hexagonal  powders;  K.  H. 
C,  O.  B.,  O.  C,  O.  B.  A.  No.  1,  O.  B.  A.  No.  2,  O.  X.,  O.  V.,  O.  V.  No. 
1,  O.  V.  No.  2,  P.  G.,  sphero-hexagonal,  and  O.  U.  and  O.  W.  powders 
were  used. 

For  further  information  regarding  these  powders,  see  below. 

VELOCITY    AND  PRESSURE. 

In  designing  this  mortar  it  was  expected  that  two  kinds  of  powder 
would  have  to  be  used,  viz : 

Far  full  charges, — Powder  of  medium  quickness ;  weight  of  charge, 
52  pounds;  weight  of  projectile,  610  pounds;  velocity,  976  feet;  press- 
ure, 27,000  pounds. 

For  half-charges. — A  quick  powder;  weight  of  charge,  26  pounds; 
weight  of  projectile,  610  pounds ;  velocity,  650  to  675  feet ;  pressure, 
11,000  pounds. 

For  one-third  charges. — Velocity,  about  620  feet. 

Limits  of  velocity  and  pressure. 

The  limits  for  pressure  and  velocity  were  fixed  as  follows : 

For  the  maximum  charge  of  52  pounds:  Pressure,  not  to  exceed 

27,000  pounds  per  square  inch.    Velocity,  about  975  feet  per  second. 
For  the  minimum  or  half-charge  of  26  pounds:  Pressure,  about  11,000 

pounds  per  square  inch.    Velocity,  not  less  than  650  feet  per  second. 

MEAN  PRESSURES  AND  MEAN  VELOCITIES. 
(a)  With  26'pound  charge. 

The  following  results  were  obtained  with  the  M.  W.  and  M.  V.  Du 
Pout's  hexagonal  powders. 
The  results  are  numbered  in  order,  beginning  with  the  least: 


Order. 

Powder. 

Mean 
pressure. 

Mean 
velocity. 

Sabot. 

Bemarks. 

1 

2 

3 

M.W 

M.V.  sample.. 
M.V .... 

Lbt.per 

»q.  inch. 

9.500 

9,625 

10,425 

12,166 

Feet. 
650.5 
655 
659 
063.3 

A. 
C. 
C. 

25.T»onnd  AharifA. 

1  4. . .    • .  • 

M.  V 

w.            -  ,-           _      ^ — 

A.        ,                                          , 
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(b)   IVith  nuutimm  ehargM. 

[1.  TTIth  4».paiuid  BhupM  and  wbot  A.] 


Older. 

Powder. 

Mmd 
piwora. 

t.'.'.'.'.V.'. 

Lb,.ptr 

iLW.  .. 

MT 

[S.  With  GZ-poood  ohaigM  Mid  ubot  0-1 
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Powder. 

Banwk*. 
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Is 

" 

SJ.SM 

i.on 

POWDEEB  ADOPTED. 


The  powders  giveu  below  were  adopted  for  the  maximum  and  mini- 
mam  charges  to  be  used  io  the  12-iocb  mazzle-loadiog  rifled  mortar: 


Chuve. 

Powder. 

I>0D.1«7. 

Ehid. 

ICuk*. 

Woljkt. 

KEStSKSii^::: 

av.Hi  L 

L7M 

M.V.powder;  charKB,  36  panndB. 

Mean  pressare  (5  ronnda),  llfiiO  poonds  per  sqnkro  moh. 

In  strum  en  tal  velocity  at  90  feet  Avm  mazile  ^  663.3  bet  per  woond. 

Muzzle  velocit;  ^  6K{.90  feet  par  aeoond. 
O.  V.  No.  1  ]H>w(Ier ;  chaise,  r>3  ponnds. 

Mean  prewnre  =  36,1^  pnniids  per  aqnare  inch. 

iDBtTDnicDtal  velocity  ut  115  feet  from  mozile  =:  996.6  feet  p«rBewHtd> 

Mnzzle  vilouit.v  =  1U00.G3  feet  per  second. 
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BEOOIL. 

The  recoil  of  the  top  carriage  was  observed  io  case  of  eaoli  powder 
and  is  noted  iu  the  firing  recom. 

TIME  OF  FLiaHT. 

Tbe  meao  times  of  flight  of  the  projeetiles,  weighing  610  poaDds,  toe — 

( 1 )  With  M.  D.  pmedfr  ;  eharge,  S6  powidi. 


(2)  Wifke)un-geaoft^p<m»it. 

At 38°  elevation:  O.B. powder, 37.8  secondB. 

O.  V.  ponder, 27.48  seconds. 
At  60°  elevation:  O.  B.  powder,  50.25  seconds. 

O.  V.  powder,  50.6  seconds. 

BA.NGE  AND  ACODRAOT. 

This  mortar  was  fired  with  the  maximum  and  mlnimtim  charges  at 
elevations  of  28^^  and  WP,  in  order  to  afford  aa  opportunity  for  com- 
parisoQ  with  the  Erapp  23'"°  steel  breeeh-loading  mortar.  A  sommaiy 
is  given  below. 

For  detailed  infonuatioD,  Bee  Tables  1  to  10, 15  and  16. 


|i 


lS.lDebK.i:.B.. 


Snipp.2g— 

IZ^lDcbM.  L.B... 


Knipp,S»" 

IS-iDcliU.LB... 


ProtMbilll;  of 
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EXTREME  RANGE. 


The  extreme  ranges  at  28°  and  6(P  for  the  M.  V.  and  O.  V.  No.  1  pow- 
ders, were  observed  as  follows : 

Far  M,  F.  powder;  charge,  2d  pounds. 


m 

Slevation. 

Bange. 

Yards. 

Hiles. 

28 dAflrroes 

3,476 
3,aQ6 

1.97+ 
1.91+ 

60  degrees 

For  0,  F.  No.  1  powder;  charge,  5Qpotmds. 

Elevation. 

Range. 

Yards. 

MUos. 

28  degrees 

7,252 
6,992 

4.1 
3.97+ 

60  degrees 

The  greatest  range  observed  was  7,388  yards,  =  4.2  miles,  obtained 
with  48  poands  of  M.  W.  powder  and  28^  elevation. 

The  weight  of  the  shell  (610  pounds)  was  constant  thronghout  the 
experiments. 

ENDURANCE    TEST. 

The  endurance  test  was  fixed  at  500  rounds  with  a  shell  weighing 
610  poands  and  using  the  maximum  charge  of  powder. 

The  maximum  charge  of  powder  was  fixed  at  52  pounds,  but  the  few 
rounds  fired  with  40, 45^  47  pounds  and  those  fired  with  48  pounds  have 
been  considered  as  part  of  this  test,  since  the  pressures  were  near  the 
maximum  limit. 

The  total  number  of  rounds  fired  from  the  mortar  to  date  (October  16, 
1886)  is  a81  rounds. 

The  total  number  of  rounds  fired  up  to  October  16,  inclusive,  for  the 
endurance  test,  including  those  mentioned  above,  is  285  rounds. 

The  trial  for  endurance  is  progressing  still  as  rapidly  as  circum- 
stances and  the  nature  of  the  work  will  permit. 

RAPIDITY  OF  FIRE. 

The  trials  made  for  rapidity  of  fire  are  tabulated  below : 

Tests  for  rapidiiy. 


No.  of  fire. 

No.  of 
rounds. 

Time  re- 
quired, in 
minutes. 

ATerace 

time  or 

firing  1 

round,  in 

minutes. 

Arerafce 

number 

of  rounds 

fired  per 

hour. 

IFtwO'^ 

To- 

150 
285 
332 
342 

167            18 
294            10 
341    .        10 
351            10 

150 
70 
79 
87 

&33 

7.0 

7.9 

1       8.7 

7.2 
&6 
7.46 
♦7 

^Nearly. 
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ENLARGEMENT  OF  BORE. 

The  bore  of  the  mortar  was  star-guaged  after  the  7th,  12th,  26th,  44th, 
63d,  70th,  86th,  109th,  119th,  149th,  170th,  304th,  aod  38l8t  rounds. 

The  chamber  was  star-guaged  after  the  119th,  149th,  170th,  197th, 
304th,  and  381st  rounds. 

A  table  (Table  17)  showing  the  enlargements  of  the  bore  and  chamber 
is  appended. 

Up  to  this  date  the  enlargements  are  insignificant. 

ADDENDA. 

Table  1. — Results  of  firing  12-incli  M.  L.  R.  mortar  with  M.  V.  powder  on  April  11, 

1886. 
Table  2. — Results  of  firing  12-inch  M.  L.  R.  mortar  with  M.  V.  powder  on  April  £0, 

1886. 
Table  3. — Results  of  firing  12-inch  M.  L.  R.  mortar  with  M.  V.  poVrder  on  April  20, 

1886,  rejecting  rounds  when  shot  tumbled. 
Table  4.  —Results  of  firing  12-inch  M.  L.  R.  mortar  with  O.  B.  powder  on  February  9, 

1886. 
Table  5. — ^Results  of  firing  12-inch  M.  L.  R.  mortar  with  M.  V.  powder  on  July  22, 

1886. 
Table  6. — Results  of  firing  12-inch  M.  L.  R.  mortar  with  O.  Vt  powder  on  August  26, 

1886. 
Table  7. — Results  of  firing  12-inch  M.  L.  R.  mortar  with  O.  V.  No.  1  powder  on  Oc- 
tober 7,  1886. 
Table  8. — Results  of  firing  12-inch  M.  L.  R.  mortar  with  M.  V.  powder  on  October  8, 

1886. 
Table  9.— Comparison  of  12-inch  M.  L.  R.  mortar  with  Krupp's  28<^°*  steel  B.  L.  R. 

mortar. 
Table  10.— Ballistic  data. 

Table  11. — Various  Du  Pout's  powders  used  in  the  tests. 
Table  12. — Velocities  and  pressures. 

Table  13. — Showing  maximum,  minimum,  and  mean  pressures  and  velocities. 
Table  14. — Firing  with  different  powders  and  sabots  for  range,  time,  and  nature  of 

flight. 
Table  15. — Firing  with  sabot  C  for  range,  time,  and  nature  of  flight. 
Table  16. — Maximum,  minimum,  and  mean,  ranges,  deviations,  and  time  of  flight, 

with  nature  of  flight,  usiug  different  sabots  and  different  powders. 
Table  17. — Enlargements  of  bore  and  chamber. 
Table  18. — Firing  record. 

J.  MCALLISTER, 
Colonel  of  Ordnance^  President  of  Board, 

A.  MORDEOAI,  . 
Lieutenant' Colonel  of  Ordnance, 
F.  H.  PARKER, 

Major  of  Ordnance, 
CHARLES  SHALER. 

Captain  of  Ordnance. 
D.  A.  LYLE, 

Captain  of  Ordnance. 
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Tabu  I.— BmhIU  of  firing  12-inok  M.  L.mortarieiik  Jl.  F.powderon  April  ll.^eSS. 
[SAotC-l 
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Tablk  S.— Bentllt  of  firing  IS-inoA  M.  L.  morfor  with  if.  V.poader  on  April  UO,  1896. 
[Sabot  C.) 
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Tabu  i.—BtialU  of  Jirlug  12-iitcA  Jf.  L.  mortnr  vU\  O.  B,  poivdcr,  rtbntars  9,  1886. 
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Table  ^.—BttulU  of  firing  Vi-inch  M.  L.  ntor 
[Sabot  D.J 
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Tablx5. — SaalU  o/ firing  V2-iiKh  it.  L.  mortar  Willi, M.  V.  pomier,^. — CoDtinued. 
[Probability  of  strikiDg  k  reual  330  fMt  long,  W  r««t  biiMd.] 
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Table  S.~Be*ulU  of  firing  VZ-ineh  M.  L.  mortar  mit'it  O.  F.  powder,  A*gtt*t  36, 1886. 
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Table  7.—BeaulU  of  firing  13-tMk  M.  L.  morlar  with  0.  V.  No.  1  powder,  October  7, 1886. 
[Sabot  D.] 
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Tabu  8.— £MitUi  offirimf  13-i«*  M.  L.  mutriar  ■>•&  M.  r.f&wimr,  Oettker  8, 
[btotS.] 
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Table  lO.— S(itli«ii«  data. 
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Table  U.—Varioiu  Du  Fonipoadert  used  in  the  friali. 
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Table  IS.— FalooifiM  andprttturet. 
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Table  lZ.~VaIocitie$  amd  prtt»»ret — Contioaed. 

[WithSabotC- 
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Tablx  13.~Tahle  thawing  maximum,  mJRiniiim,  and  mean  prmurei  and  velocUhi. 
[With  Sabot  A.) 
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Table  H.—Ftrn^g  with  different  powden  and  eahoU  far  range,  Hme,  and  nattire  of  flight 

[Prqleotile :  Boreka  shell,  ireiglit  610  pounds.] 


No.  of 
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M.V.. 
M.W. 


M.  W. 

M.W. 
JAt  W . 
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M.  W. 
M.W. 
M.  W. 
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M.  W. 
M.W. 
M.  W, 
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M.V. 
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B.V.F 
B.V.P 
B.V.F 
B.V.F 
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B.V.F 
B.V.F 
B.V.F 
B.V.F 


K.H.C 
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KH.C 
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KH.C 
K.H.C 
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aB 
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28 
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28 
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28 
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28 


60 
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A 
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A 
A 
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A 
A 
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A 
A 
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C 
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27.8 
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27.2 
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27.4 
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50 

40.0+ 
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50 
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2,884.6 

2,658 

6.663 
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Lost 
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6.670 
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.2,408 
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6.502 
6,680 
6,650 
6,653 
6,082 


6,607 


6.643 
6.681 
6.486 
6.724 
6,614 


6.63L6 


6.866 
6,813 
6,726 
6,728 
6,701 


6,784.8 
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6,528 
6,508 
6.586 
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6.755 
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501 
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510 
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Da 
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Da 
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Da 
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Fluttering. 
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Da 
Da 
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Table  l4,^Firing  ioith  different  pawdere  and  eabote,  4'0. — Continaed. 
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0.C  .... 

52 

0 

28 

C 

261 

6,066 

61 

Good. 

160 
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6,031 

44 

Da 

161 

0.C  .... 

52 

28 

0 

2$ 

6,068 

53 

Flight  not  perfectly 
smooth. 

162 

0.C  .... 

62 

28 

C 

26i 

6,287 

64 

Do. 

Mean 

26.14- 

6,118 

65.5 

0.C  .... 

C 

163 

52 

60 

47 

6,836 

384 

Good. 

164 

0.C  .... 

52 

60 

C 

47 

6,883 

397 

Do. 

165 

o.c .... 

52 

60 

C 

47: 

6,118 

394 

Do. 

166 

0.  c  . . . . 

52 

60 

C 

47 
47 

5,888 

889 

Do. 

167 

o.c .... 

52 

60 

C 

«,077 

407 

Slightly  flottering. 

MeaD 

47.8 

6,060.4 

394.2 

» 

Fired   over 

\ 

• 

228 
229 

jA.m    V  .  .  •  . 

M.V... 

26 
26 

28 
28 

D 

lip^"  thick 

..•.••••  * 

-water  to 
tnr  eabots 
of  Tarioas 
tb  ickness 

I 

230 

>LV... 

26 

28 

Up  iV' thick 

( 

of  lip. 

241 

M.V.... 
M.V.... 

26 
26 

60 
60 

D 
D 

85 

85:; 

Down  beaoh. 

Fired  for  Brazilians. 

242 

256 

0.V    ... 

52 

60 

D 

50} 

6,244 

Bight. 
680 

Good. 

257 

O.V.... 

62 

60 

D 

60 

6,648 

540 

Do. 

258 

O.V.... 

52 

60 

D 

50; 

6,092 

■  499 

Do. 

259 

0.V    .. 

52 

60 

D 

5(^ 

6,344 

524 

Do. 

260 

O.V... 

52 

60 

D 

50 

6,476 

512 

Do. 

261 

O.V.... 

52 

60 

D 

60 

6,316 

638 

Do. 

262 

O.V  .... 

52 

60 

D 

50i 

6,218 

481 

Do. 

263 

O.V  .... 

52 

60 

D 

50i 

6,520 

486 

Do. 

264 

O.V.... 

52 

6p 

D 

Lost. 

6,600 

501 

Da 

Mean 

50.6 

6,484.2 

519 

M.V..'. 

D 

275 

26 

60 

85i 

3,366 

231 

Da 

276 

M.V.... 

26 

60 

D 

Lost 

8,829 

248 

Da 

277 

M.V.... 

26 

60 

D 

86 

8,277 

236 

Do. 

278 

M.V.... 

26 

60 

D 

85 

8,267 

287 

Da 

279 

M.V.... 

26 

60 

D 

35 

8,258 

241 

Do. 

280 

26 

60 

J) 

86 

8,217 

249 

Do. 

281 

M.V.... 

26 

60 

D 

86 

8,108 

285 

Do. 

282 

Ju.  V  .  •  . . 

26 

60 

D 

861 

3,156 

208 

Da    • 

MeaD 

86w6 

8.250.6 

236.6 

Tabia  15. — Firing  Eureka  ehell  with  Sahot  C  for  range,  time,  and  nature  of  flight 

[Weight  of  shell  =  610  ponnds.] 

(1)  With  M,  W.  powder  f  denHtjf,  1.726;  granukUion,  72. 

[Elevation  of  28  degrees.] 


Charge 
Number  of  flre.  '  of  pow- 
i      der. 


67. 
68. 
60. 
79. 
80. 
81. 
82 


Mean  of  7 
nnmds... 


PoundM. 
48 
48 
48 
48 
48 
48 
48 


BecoiL 


Feet. 
4.92 
6.16 
6.16 
4.83 
4.83 
4.42 
4.33 


4.66+ 


Timeof 
flight 


Seeonde, 
28 


27 
27| 


27.7 


Bange. 

Deflection. 

• 

Nature  of  flight 

Fordf. 

6,614 

6,802 

6,452 

7,019 

7,046 

6,607 

6,762 

Tardt, 

Good. 
Do. 

Fair. 

€k>od. 

Do. 

Fluttering. 
Good. 

6,614.4+ 
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■  15. — Firiiig  Eurtka  tkell  tcilh  Sabot  C/or  range,  /v.— Continned. 


Humbwofflie. 

SmoU. 

Time  of 

B«ge. 

Katon  of  flight. 

Ptmii. 
M 

JPwl. 

t.oe 

4.00 
3.02 
1.08 

SI 

rard.. 

rard.. 

SliKhUyflntlerin*. 

H«Miaf  « 

4.03 

I»4 

3,3» 

as 

20 

1.M 

IS 

1 

Is 

3.332 
3,345 

|fl  righl. 

101 

Do. 

10*".'.'.'.'.'.'.'.' .... 

"S^.* 

t.«o 

ia.B 

3.337 

,.. 

M 
M 

SO 

l.t2 
1.41 

l!4!l 
l.« 

1 

IS 

3.-J24 

IS 

8,280 

8lUh«,te«cl«. 

S^TiTSilSSS" 

Ueui  «r  B 

Li3+ 

S4.S+ 

3,22BlB 

3t 
2S 
M 
ZS 

W 

1.33 

HI 

35) 

3^ 

a.i7» 

11 

JWriEhl. 
280 

Ve^^t-ta««. 

"S,!'. 

L3*+ 

- 

3,137.8 

ne.0 

2.75 

ass 

*7ll 

uoHior  1 

3.S2 

«,s+. 

t.Ka.1^ 

(2)  r(A  M.  T.  pmtdtri  dmMg.  1.700 ;  gmnilatian.  n. 


[Bl8™tioiiofaadBerec».l 

28 
2« 

38 
M 

ao 

4.18 

4.23 
4.2S 

4.25 

4.25 
4.25 

3.3ai> 

8. 381 

2.8M 
3.340 

3,401 

TiJrigtC. 
68.4  iBft. 

?S?""«-^- 

StaottnDbbid. 
Flutteriiut. 

2,820 
31354 

gJSr 

"'"  di* 

4.23+ 

3,113  8 

33.04-riiht. 

20 
28 

ae 

20 
20 

1.87 

ssr"-*- 

§55r"" 

•Si 

3,207 

M 

°x 

"SLSS' 

LM 

»,ns 

lUldgU. 
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Amt,  jr.J.,^in<7»ry  15,  IBSo,  to  OfloberK,,  18eC. 


!cial  remsrkii  alxnit  vnrlj  Un.  snch 
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C 

At*. 
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Good  flight. 

C 

ail 

8.231 

3Iigb1];Irr«iniUr  flight. 

C 

3,3M 

Fired  lu««  tor  iMBB 

Good  a<f!bt 
Do. 

c 

LmL 
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Do. 

c 
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1                                                    Fair  flieht 
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Hook,  X  J.,  from  July  15, 1885,  io  October  16,  188C— Con  tinned. 
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Appendix    12. 


PROGRESS  REPORT  ON  TRIAL  OF  PO  WLETT  PNE UMATIC  G  UN-CARRIA  GE 

BY  THE  ORDNANCE  BOARD. 

(1  plate.) 

On  September  27, 1884,  the  Chief  of  Ordnance  referred  to  the  Ord- 
nance Board  for  consideration  and  report  a  pamphlet  containing  a 
description,  without  details,  of  a  pneumatic  gun  carriage,  and  directed 
the  Board  to  await  the  arrival  of  the  inventor  of  the  gun-carriage,  or 
some  representative  of  the  Powlett  Pneumatic  Gun-Carriage  Companj', 
before  considering  the  matter. 

After  an  interview  with  the  representative  of  the  company,  and  the 
receipt  of  an  estimate  for  the  cost  of  altering  a  15-ineh  gun  carriage,  the 
Board,  on  October  24, 1884,  recommended  that  the  Pneumatic  Gun-Car- 
riage Company  be  permitted  to  apply  their  device  to  a  15-inch-gun  car- 
riage at  Sandy  Hook,  with  the  understanding  that  if  the  system  was 
successful  the  company  should  be  paid  for  certain  parts  estimated  for 
and  applied  to  the  carriage. 

A  letter  from  the  company,  dated  April  20, 1885,  referred  to  a  clause 
in  the  fortification  bill,  then  lately  passed,  authorizing  the  building  of 
experimental  gun-carriages,  and  submitted  a  drawing  and  estimate  for 
a  new  carriage.  The  Board  having  been  asked  to  express  an  opinion 
as  to  the  amount  of  the  estimate,  reported  that  it  considered  the  price 
a  low  one. 

On  May  21,  1885,  a  contract  was  made  with  the  company  to  famish 
"one  Powlett  Pneumatic  Gun-carriage  complete,  with  recoil-check,  boiler 
and  furnace,  and  all  the  machinery,  appliances,  and  accessories  neces- 
sary for  its  complete  working  and  maneuvering  for  a  12-inch  breech- 
loading  nfle."  It  was  required  that  the  carriage  should  be  subjected 
to  five  rounds  with  service  charges,  and  work  to  the  satisfaction  of  the 
Chief  of  Ordnance. 

Subsequently  the  carriage  was  received,  and  on  November  14,  1885, 
the  Chief  of  Ordnance  directed  that  the  12-inch  breech-loading  rifle, 
cast  iron,  should  be  mounted  and  fired  from  it. 

The  carriage  (see  plate)  has  been  modified  in  several  details  since  it 
was  originally  furnished.  In  general,  it  consists  of  a  top  carriage  and 
chassis.  The  top  carriage  is  provided  with  toothed  arcs,  connected  to 
the  gun  in  the  usual  manner,  and  has  a  pneumatic  cylinder  under  each 
trunnion,  with  valves  so  arranged  as  to  operate  a  rack  and  pinion,  by 
which  elevation  and  depression  may  be  given.  A  friction-clutch  clamps 
the  arcs  when  the  desired  elevation  is  obtained.  The  chassis  has  two 
running  cylinders  (so  termed  by  the  inventor),  placed  at  the  rear  and 
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connected  by  saitable  branches  with  a  sapply-pipe  leading  to  the  air- 
compressing  apparatus.  A  cock  placed  in  the  pipe  permits  the  air 
to  pass  to  the  front  or  to  the  rear  ends  of  the  cylinders.  The  rear  head& 
of  the  running  cylinders  contain  axial  perforations,  to  which  valves  are 
fitted.  These  valves  are  closed  by  air  pressure  admitted  from  the  sop- 
ply-pipe,  and  are  operated  by  a  lever  and  connecting-rod.  The  com- 
pressed air  is  admitted  or  cut  off  according  as  the  lever  is  to  the  front 
or  to  the  rear.  At  the  bottom  of  each  running  cylinder,  and  near  the 
rear,  is  a  check-valve,  which  freely  admits  air  from  the  supply-pipe,  bat 
is  closed  when  the  pressure  from  the  cylinder  exceeds  that  from  the 
compressing  apparatus.  Similar  check-valves  are  placed  at  the  front 
in  the  vertical  branches  of  the  supply- pipes.  The  object  of  these  check- 
valves  is  to  relieve  the  supply-pipe  and  its  connections  fh>m  severe 
pressures. 

The  gun  being  in  battery,  if  the  pressure  on  the  rear  valves  be  relieved 
by  moving  their  lever  to  the  rear,  and  if  compressed  air  be  admitted  to 
the  front  of  the  running  cylinders,  two  pistons  are  forced  back  and  the 
top  carriage,  with  which  they  are  connected,  is  moved  from  battery. 
The  air  passing  from  the  rear  of  the  cylinders  as  the  pistons  travel 
backwards  presents  no  resistance  to  the  action  of  the  compressed  air 
in  fhmt. 

When  it  is  desired  to  run  the  gun  to  battery,  pressure  is  applied  to 
the  rear  valves  by  moving  their  lever  forward,  and  the  compressed  air 
now  admitted  to  the  rear  of  the  cylinders  forces  the  gun  to  the  front. 
The  air  escapes  from  the  front  of  the  cylinders  through  waste-cocks,  which 
are  placed  in  the  front  vertical  branches  of  the  supply-pipes,  between 
the  cylinders  and  the  check- valves  previously  mentioned.  These  cocks 
are  operated  by  an  independent  lever. 

When  the  gun  is  to  be  fired  the  waste-cocks  are  closed,  pressure  is 
applied  to  the  valves  in  the  rear  ends  of  the  cylinders,  and  compressed 
air  having  a  suitable  degree  of  tension  is  admitted  to  the  rear  of  the 
cylinders,  after  which  the  cock  in  the  supply-pipe  is  closed.  A  slide  on 
the  left  cheek  of  the  carriage,  parallel  and  near  to  the  shoe- plate,  carries 
a  projecting  piece  which  can  be  given  any  desirable  adjustment.  As 
the  gun  recoils  the  projecting  piece  strikes  the  lever,  which  moves  back- 
ward and  opens  the  rear  valves  with  which  it  is  connected,  thus  reliev- 
ing the  pressure  which  otherwise  would  be  so  great  as  to  cause  the  gun 
to  run  forward  violently  after  recoil  and  injure  the  carriage.  This  oc- 
curred when  the  gun  wa^  first  fired,  and  it  was  found  essential  not  only 
to  relieve  the  pressure  behind,  but  that  it  would  be  necessary  to  admit 
compressed  air  to  the  front. 

The  chassis  is  traversed  by  a  pair  of  oscillating  cylinders,  which  the 
inventor  states  in  his  pamphlet  '^  are  placed  at  such  an  angle  that  there 
is  no  center  of  axis  of  motion." 

When  the  carriage  was  first  received  the  engines  worked  directly 
on  a  crank-shaft  to  which  a  gear  wheel  was  keyed,  its  teeth  intermesh- 
ing  with  those  of  a  circular  arc  fastened  to  and  concentric  with  one  of 
the  rear  traverse  wheels.  The  engines  were  operated  by  compressed 
air  and  governed  by  a  lever,  which  being  attached  to  valves  moved 
them  in  such  a  way  as  to  cause  the  gearing  to  rotate  to  the  right  or 
left. 

A  necessary  appendage  to  the  carriage  is  air-compressing  machinery, 
but  as  the  company  does  not  base  its  claim  on  any  special  device  for 
this  purpose,  it  is  not  necessary  to  describe  the  engines,  &c.,  used  in  this 
ease. 
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The  preliminary  trial  of  this  carriage  is  detailed  in  the  following  letter 
to  the  Chief  of  Ordnance,  dated  December  24, 1885 : 

'  I  have  the  honor  to  report  that  the  test  of  the  pneumatic  gnn-carriage  npon  which 
the  12-inch  cast-iron  riile  had  heen  mounted,  was  commenced  yesteraay  before  the 
Ordnance  Board.  The  pressure  of  air  in  receiver  having  been  raised  to  150  poundSi 
oonnection  was  made  with  traversing  apparatus  by  one  man  working  a  lever,  when 
the  carriage  was  rapidly  and  easily  traversed  to  the  right  and  left.  The  elevatine 
apparatus  was  next  tried,  one  man  making  the  connection ;  the  ^^un  was  elevated 
and  depressed  with  great  ease.  Although  the  connections  were  easily  made  and  mo- 
tion rapidly  communicated,  it  was  found  to  be  a  difficult  matter  to  lay  the  gun  exactly 
on  an  object  by  breaking  the  connections,  and  it  is  thought  for  these  small  motions, 
necessary  in  accurately  and  rapidly  pointing  the  gun,  adcutional  devices  will  have  to 
be  provided. 

The  gun  was  then  loaded  with  100  pounds  of  brown  prismatic  powder  and  a  700- 
pound  snot  and  firod,  the  pressure  of  air  in  cylinders  being  about  160  pounds.  The 
recoil  was  readily  taken  up  iu  a  distance  of  19  inches,  but  the  counter-recoil  threw 
the  gun  into  battery  with  violence.  Another  round  was  fired,  everything  being,  th^ 
same  as  before  except  that  the  powder  charge  was  increased  50  pounds  and  the  air 
pressure  in  cylinders  was  reduced  to  about  125  pounds.  The  recoil  was  2  feet  8  inches 
and  the  counter-recoil  more  violent.  For  the  third  round  the  powder  charge  was 
further  increased  50  pounds  and  the  air  pressure  was  reduced  to  45  pounds.  This  re- 
coil was  5  feet  8  inches,  and  the  counter-recoil  was  so  violent  that  the  gun  was  thrown 
into  battery  with  such  force  as  to  raise  the  rear  end  of  the  carriage,  causing  the  guide- 
hooks  to  lift  up  and  bend  the  top  plate  of  chassis  rail,  breaking  manv  of  the  bolts 
that  held  this  plate  to  the  rails.  Firing  will  now  have  to  be  suspended  until  repairs 
are  made,  and  to  enable  the  company  to  apply  some  device  to  release  the  compressed 
air  more  promptly  after  the  gun  has  recoiled.  It  will  take  about  one  week  to  com- 
plete these  arrangements.     •     •     • 

The  repairs  required  were  made  by  the  company,  and  the  cock  in  the 
sapplypipe  was  connected  with  a  system  of  levers  so  arranged  that 
after  the  compressed  air  necessary  to  check  recoil  has  been  admitted  to 
the  rear  the  carriage  io  running  back  would  turn  the  cock  so  far  as  to 
admit  the  air  to  the  front  of  the  cylinders  before  counter-recoil  took 
place.  With  this  object  in  view,  the  main  lever  of  the  system  operating 
the  cock  was  carried  up  so  far  that  its  upper  end  projected  above  the 
top  of  the  chassis  rail.  In  this  position  it  encountered  a  stop  attached 
to  the  slide  near  the  shoe-plate  of  the  top  carriage,  immediately  after 
recoil  began.  The  lever  was  thus  carried  backward  until  the  cock  wa« 
revolved  far  enough  to  admit  the  compressed  air  to  the  front  of  the 
working  cylinders.  This  prevented  the  violent  forward  motion  of  the 
gun  which  had  previously  seriously  injured  the  chassis. 

After  these  changes  had  been  effected  the  Board  tried  the  carriage 
again,  and  on  January  25,  1886,  forwarded  the  following  letter: 

I  have  the  honor  to  report  that  the  test  of  the  pneumatic  gun-carriage  has  been 
completed  as  to  the  five  rounds  with  265  pounds  of  prismatic  powder  and  800-pound 
shot  before  it  could  be  accepted  and  paid  for  under  the  contract,  and  that  it  has 
withstood  this  test  satisfactorily.  The  Board  before  going  on  with  the  test  of  endur- 
ance of  this  carriage  desires  to  call  attention  to  the  points  made  in  its  report  of  De- 
cember 24,  18e5,  in  regard  to  the  diflBculty  of  laying  the  gun  quickly  on  an  object 
and  the  necessity  of  additional  devices  to  accomplish  this,  and  would  suggest  that  the 
Pneumatic  Gun-Carriage  Company  be  called  upon  to  supply  them.  Without  the 
changes  indicated  accurate  laying  of  the  gun  is  impossible  and  the  carriage  would 
be  useless. 

With  regard  to  the  use  of  compressed  air  for  checking  the  recoil  the  Board  sees  no 
advantage  over  the  use  of  the  hydraulic  cylinder  heretofore  used  for  this  purpose,  and 
it  is  besides  much  more  expensive  and  complicated.  It  would,  therefore,  recommend 
that  the  hydraulic  cylinders  be  substituted  for  this  arrangement.     *    •    * 

The  (3hief  of  Ordnance,  on  February  2,  1886,  returned  the  letter  with 
an  indorsement  stating  that  the  company  within  a  brief  period  of  time 
would  supply  the  small  details  necessary  to  enable  the  carriage  to  be 
quickly  laid  in  traversing  and  pointing.  The  indorsement  further 
stated"  that  the  use  of  compressed  air  for  checking  recoil  was  an  im- 
portant element  in  the  invention,  and  must  be  thoroughly  tried  with 
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the  Other  parts  until  a  couclasiou  on  the  mentis  of  the  whole  was  reached. 
The  trial  of  the  carriage,  as  to  its  merits  and  efficiency  for  service,  was  to 
be  commenced  and  proceeded  with  as  rapidly  as  possible. 

Some  of  the  devices  required  for  operating  the  carriage  more  success- 
fully were — 

(1)  A  set  of  eccentric  wheels  for  the  rear  of  the  top  carriage  to  facili- 
tate running  out  of  battery. 

(2)  A  worm,  with  the  worm-gearaud  pinions,for  traversing  the  chassis, 
as  the  action  of  the  engines  could  be  more  readily  controlled  by  means 
of  the  small  motions  incident  to  the  use  of  worm-gearing.  When  a  more 
direct  connection  was  made,  as  in  the  carriage  at  first  furnished,  it  was 
found  very  difficult  to  bring  the  chassis  to  rest  when  endeavoring  to 
aim  at  a  target. 

(3)  A  device  for  accurately  elevating  and  depressing  the  gun  which 
allowed  a  counter-pressure  to  be  applied  in,  the  cylinders  placed  di- 
rectly under  the  trunnions.  It  was  hoped  by  this  means  to  be  able  to 
check  the  rotation  of  the  gun  about  the  axis  of  the  trunnions  more 
readily. 

In  April,  1886,  a  contract  was  entered  into  with  the  company  for  sup- 
plying these  devices.  When  the  work  upon  them  had  been  completed, 
a  trial  was  made  in  the  presence  of  representatives  of  the  company,  and 
was  reported  upon  July  20,  1886,  as  follows; 

ThePowlett  pneomatic  gun-carriage  was,  on  July  16,  1886,  tried  in  the  pxeeenoe  of 
the  Ordnance  Board  for  the  purpose  of  testing — 

One  set  of  wronght-iron  eccentric  wheels  u>t  accelerating  the  ranning  oat  of  bat- 
tery. 

One  worm  of  wrought-iron,  one  bronze  worm-gear,  with  accompanying  pinion  and 
traverse  wheeL  for  accurately  traversing  the  carriage. 
One  device  for  accurately  elevating  and  depressing  the  grm. 

These  devices  were  contracted  for  April  2, 1886,  and  the  contract  has  been  extended 
to  July  30,  1886. 

At  the  trial  on  July  16  it  was  found  that  the  inside  guides  are  so  short  that  the  ec- 
centric wheels  cannot  be  thrown  entirely  into  gear,  and  the  front  wheels  of  the  top 
carriage  are  not  circular,  so  that  they  move  on  the  chassis  raU  sometimes  by  ro- 
tary friction  and  sometimes  by  sliding  Motion.  Oiling  holes  should  be  provided  for 
the  journals  of  the  fix)nt  and  rear  wheels  in  order  to  insure  their  working.  These 
defects  should  be  remedied  before  the  acceptance  of  the  devices. 

The  devices  for  accurately  traversing  the  carriage  permit  the  gun  to  be  laid  upon 
any  desired  point  readily  and  accurately. 

The  device  for  accurately  elevating  and  depressing  the  gun  was  tried  by  ohanging 
the  elevations  and  noting  the  times  required,  as  foUows : 
From  0°  to  —  5°  in  22.75  seconds. 
From  — 5°  to  0^  in  49  seconds. 
From  0°  to  -f  5°  in  13.75  seconds. 
From  -f  5  to  0°  in  13.50  seconds. 
A  second  trial  gave  the  following  results: 
From  0°  to  —  5°  in  14.5  seconds. 
From  —  5°  to  0°  in  29.75  seconds. 
From  0°  to  -f  5°  in  24.75  seconds. 
From  -f  5°  to  0°  in  19  seconds. 
With  this  device  the  gun  was  elevated  and  depressed  aoonrately  by  a  skilled  me- 
obanio.    It  is  thought  l^^t  it  would  be  difficult  m  servioe  to  obtain  men  capable  of 
operating  it. 

Subsequently  oiling  holes  were  cut  and  the  front  truck- wheels  were 
turned  true  at  the  expense  of  the  company.  With  reference  to  the 
eccentric  axles  the  company  stated  ''that  it  was  not  their  intention  to 
throw  the  rear  truck-wheels  entirely  into  gear,  as  the  only  object  of 
those  wheels  was  to  lift  the  top  carriage  off  the  slides,  Ac." 

The  carriage  has  not  been  changed  further,  and  the  Board  desires  to 
report  upon  it  as  finally  submitted  by  the  company. 
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The  opinion  of  the  Board  is  that  the  gun  carriage  can  be  accurately 
and  quickly  traversed  by  means  of  the  worm-gearing.  It  can  be  laid 
in  any  desired  line  rapidly  enough,  it  is  thought,  for  the  purposes  of 
the  land  service. 

The  gun  can  be  elevated  and  depressed  with  accuracy,  but  the  time 
required  in  which  to  do  this  is  as  long,  if  not  longer,  than  when  the 
same  13  accomplished  by  hand,  and  the  slight  motions  needed  when 
the  desired  angle  is  nearly  attained  call  for  extreme  care,  such  as  a  man 
in  the  excitement  of  action  would  &id  it  difficult  to  exercise. 

The  complicated  arrangement  of  supply  pipcH,  branches,  and  valves 
would,  unless  they  can  be  greatly  simplified,  be  enough  of  themselves 
to  cause  the  rejection  of  the  elevating  device.  , 

The  apparatus  for  checking  the  recoil,  with  its  valves,  cocks,  levers, 
and  branches,  is  too  complicated  for  use  in  the  land  service,  and  is  at 
its  best  far  inferior  to  the  ordinary  hydraulic  buffer,  which  requires  but 
little  care  in  preparing  it  for  use  and  no  attention  during  use.  The 
only  object  that  can  be  conceived  of  for  applying  these  running  cylin- 
ders is  that  the  carriage  was  to  be  used  with  a  pneumatic  loading  ap- 
paratus which  was  supplied  later  and  was  considered  a  partial  failure. 

As  the  rear  truck- wheels  cannot  be  thrown  entirely  into  gear  it  is 
necessary  to  determine  by  use  of  a  rule  that  the  height  of  throw  of 
the  rear  end  of  the  top  carriage  does  not  exceed  three-fourths  inches. 
Should  it  do  so  there  is  risk  of  tearing  off  the  guides  and  of  ii\juring 
the  rail  top  of  the  chassis.  This  construction  of  the  axle  was  due  very 
probably  to  ignorance  and  should  have  been  remedied. 

'As  to  the  general  question  of  the  use  of  compressed  air  for  maneuv- 
ring  sea-coast  artillery  it  is  not  believed  that  it  has  been  sufficiently 
tri^  as  yet  to  warrant  the  expression  of  an  opinion.  It  possesses  cer- 
tain advantages  for  our  land  service  that  makes  its  investigation  in  this 
country  more  important  than  it  may  be  abroad. 

The  carriage  exhibits  many  crudities  naturally  to  be  expected  in  a 
new  design.  It  has  been  materially  improved  since  it  was  first  pre- 
sented, and  doubtless  with  the  experience  gained,  the  company  can  now 
simplify  ^id  strengthen  its  constraction. 

It  is  understood  that  the  ISTavy  is  to  try  a  new  carriage  furnished  by 
the  same  company,  and  it  is  recommended  that  no  further  expenditure 
be  made  by  the  Ordnance  Department  until  the  naval  carriage  may  have 
.  been  tried. 

The  Board  must,  so  far  as  its  experience  in  the  matter  has  gone,  con- 
demn the  recoil  ana  retraction  system  and  the  elevating  apparatus,  and, 
while  recognizing  merit  in  the  traversing  apparatus,  desires,  as  before 
stated,  to  await  the  completion  and  trial  of  the  carriage  for  the  IN^avy 
before  making  any  further  recommendation  on  the  subject. 

J.  MCALLISTER, 
CoUmel  of  Ordncmce^  President  of  the  Board. 

A.  MOEDECAI. 
Lieut  Colonel  oj  Ordnance. 
OHABLES  SHALEB, 

Captain  of  Ordnance. 
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REPORT  ON  EIOHT-INCH  EXPERIMENTAL  BANDED  PROJECTILES,  BY 

THE  ORDNANCE  BOARD, 

(7  plates.) 

An  indorsement  by  order  of  the  Chief  of  Ordnance  dated  October 
14,  1885,  directed  the  Board  to  test  some  8-inch  banded  projectiles  to 
be  forwarded  from  Watertown  Arsenal,  and  prescribed  that  the  trials 
should  be  similar  to  those  previously  made  with  projectiles  of  the  same 
form. 

The  trials  previously  made  formed  the  subject  of  Ordnance  Board 
report  No.  8,  of  1886,  forwarded  April  10th  of  the  current  year.  The 
projectiles  tried  at  that  time  were  numbered  1, 2, 3, 4,  and  5.  The  object 
of  the  present  trial  was  to  determine  more  fully  the  relative  merits  of 
Nos.  3,  4,  and  5,  which  had  been  modified  as  will  be  explained. 

The  desiguation  No.  3  indicated  a  projectile  with  a  single  cylindrical 
band  one  inch  wide.  In  the  original  No.  3,  the  bottom  of  the  band  was 
1''.5  from  the  base  of  the  shot.  Two  lots  of  No.  3,  ten  in  each  lot,  were 
used  in  this  last  trial.  In  the  first  lot  the  rear  of  the  band  was  l'^85 
from  the  base,  in  the  second  lot  2^M  from  the  base.  In  three  of  each 
lot  the  bands  were  of  brass,  said  to  contain  95  per  cent,  of  copper,  5 
per  cent,  spelter. 

No.  4  designated  a  shot  having  two  narrow  cylindrical  bands  C.32 
wide.  The  front  band  was  originally  placed  with  its  rear  2''.6  from  the 
base.  Two  lots  of  five  each  were  used  in  this  last  trial.  In  the  first 
lot  the  rear  of  the  front  band  was  moved  0''.25  forward,  in  the  second 
lot  (V'.5  forward. 

No.  5  designated  a  shot  having  two  broad  cylindrical  bands  0''.5  wide. 
The  bottom  of  the  front  band  was  originally  placed  2".67  from  the  base. 
Two  lots  of  five  each  were  used  in  this  last  trial.  In  the  first  lot  the 
position  of  the  band  was  uuchanged,  in  the  second  lot  the  front  band 
was  moved  0''.25  forward. 

Table  showing  hind  and  number  of  shots  with  new  and  original  positions  of  bands. 


a 

o 

I 
1 


So  S. 


Ifo 


Na  5 


.*..{ 


•I 


.A ; 


7 
S 
7 
8 

5 
5 


5 
5 


Kind  of  band. 


Single  copper 

Single  braes 

Single  copper 

Single  brau 

)  DoaUe  copper  0".31 
>     wide 

)  Doable  copper  (H'.5 
5    wide 


Distance  fh>m  base. 


New. 


Bear  of  band  1".85.. 

Bear  of  band  2'M... 

Bear  of  trout  band 
2".85 

Bear  of  front  band 

3"  in 

C  Rear  of  front  band  as 

}     in  original 

(  Bear  or  fiiont  band 
{     2".W 


Original. 


SBearof  bandr'.S. 


Bear  of  front  band 
^    2".6 


Difference. 


{ 


0".35  forward. 
0".6  forward. 


C  0".25  forward. 
I  (K'.50  forward. 


.Bear  of  front  band    (Unchanged. 
2".87 1  {  0''.25  forward. 


195 


196         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

The  projectiles  were  cored  shot  twenty  inches  (20'')  long.  For  a  dis- 
tance of  seven  and  sixty-eight  hundredth  inches  (7".6S)  measured  from 
the  base  the  exterior  surface  was  cylindrical  and  seven  and  ninety-three 
hundredth  inches  (7''.93)  in  diameter;  thence  for  three-fourths  of  an 
inch  ^(K'.75)  it  had  the  form  of  a  conic  frustum,  the  diameter  of  the 
anterior  (the  larger)  base  being  seven  and  ninety-seven  hundredth 
inches  (7''.97) ;  this  frustum  was  surmounted  by  a  cylinder  two  inches 
(2'')  long.  At  a  point  ninety-five  hundredth  inches  (0".95)  in  front  of 
the  base  of  the  cylinder  is  the  origin  of  the  ogival  curve  of  the  head. 
This  carve  is  struck  with  a  radius  of  two  calibers — sixteen  inches  (16'^) 

The  gun  was  the  8-iuch  breech-loading  chambered  rifle  Ko.  1  pre- 
viously fired  with  similar  projectiles. 

The  powder  used  before  was  B.  V.  M.,  but  as  none  of  that  type  re- 
mained on  hand,  E.  V.  F.,  having  the  same  density,  1.750,  and  the  same 
granulation,  72,  was  substituted.  This  powder  when  tired  in  thirty-five 
pound  charges  from  the  8-inch  muzzle-loading  gun  with  the  180-poaQd 
projectile  gave  a  mean  pressure  of  29,333  pounds,  only  about  1«000 
X)onnds  greater  than  did  the  E.  V.  M.  powder.  Fifty-pound  charges 
were  therefore  used  at  first,  but  as  the  pressure  increased  until  it  reached 
39,700  pounds,  and  as  it  was  evident  that  with  the  No.  5  band  the  di- 
minished air-space  would  cause  the  pressure  to  increase,  it  was  directed 
that  the  remaining  thirty-seven  rounds  should  be  fired  with  forty-five 
X)onnd  charges.  As  a  result  variable  aiigles  were  used  in  firing  the 
first  lot  of  No.  3  projectiles. 

It  was  desirable,  if  possible,  to  use  the  same  charge  and  obtain  as 
nearly  as  practicable  the  same  velocities  as  before,  but  as  it  was  not 
considered  safe  to  exceed  35,000  pounds  pressure  in  this  gun,  and  as 
ibrty-five  pound  charges  occasionally  gave  pressui-es  exceeding  33,000, 
this  charge  was  fixed  upon. 

As  hexagonal  powder  which  has  been  stored  for  several  years  ^ves 
results  which  sometimes  vary  with  each  barrel,  twenty  barrels  of  ELY. 
F.  powder  were  intimately  mixed  before  the  trial.  The  pressures  and 
velocities,  as  will  be  seen  by  the  record,  were  very  uniform  for  each 
series  of  projectiles. 

The  trial  began  October  28, 1885.  One  shot  with  a  single  brass  baud 
two  and  one-tenth  inches  (2'M)  from  the  base  (round  83  of  the  aocom- 
panying  record)  was  fired  into  the  sand  butt  to  ascertain  if  the  grooves 
on  the  sabot  were  well  defined.  A  mark  was  made  with  a  cold-chisel 
on  the  band  and  on  the  shot,  in  order  that  if  slipping  occurred,  it  might 
be  detected.  All  the  other  shot  were  fired  through  wire  targets  at  a 
mile  target,  and  velocity,  pressure,  and  nature  of  flight,  as  well  as  ac- 
curacy, were  noted  in  each  case.  The  firing  records  herewith  inclosed 
show  the  results,  but  they  are  tabulated  with  those  obtained  in  the 
previous  firing  for  the  sake  of  comparison. 
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As  projectiles  with  siugle  copper  brtiid  1.85  trota  the  base  were  fired 
with  variable  charges  iuid  variable  angles  for  reasons  stated  in  this 
report,  the  results  obtiiiiieil  with  them  do  not  furnish  an  adequate  basis 
for  comparison,  and  the  experiment  should,  it  is  thoaght,  be  repeated. 
The  projectiles  with  single  brass  bands  1.85  inches  from  the  base  gave 
gre^iter  lateral  deviations  (the  only  ones  that  under  the  circnmstances 
can  be  compared)  than  ibe  copper  ones  situated  at  the  same  distance 
and  are  considered  inferior. 

The  best  results  were  obtained  with  No.  3  projectiles  having  single 
copper  band  2.1  inches  from  the  base.  The  No.  3  projectiles  with  brass 
.bands  a.l  inches  from  the  base  stnick  short.  There  seems  to  be  no 
good  explanation  for  this,  as  when  recovered  -from  the  butt  the  brass 
bands  had  their  grooves  shandy  defined  and  showed  no  evidence  of 
shearing  or  slipping. 

No.  i  modified  with  rear  of  front  band  3.1  inches  from  the  base  and 
No.  5  modified  with  rear  of  front  band  2.92  inches  from  the  base  gave 
better  resnlts  than  the  others  of  the  same  designation,  and  as  the  ^ble 
shows  there  is  not  very  much  difi^rence  between  these  and  the  No.  3 
which  gave  the  best  results. 

The  gun  was  fired  under  the  same  angle  with  Nos.  3,  4,  and  5,  the 
center  of  impact  is  higher  for  4  and  5  than  for  3,  but  this  is  partly  ac- 
counted for  by  the  prevalence  of  a  rear  wind  movioe  at  the  rate  of  20 
miles  an  hour  with  the  former  and  a  head  wind  of  11  to  12  miles  an 
hour  with  the  latter. 

In  conclusion  theBoard  would  state  that  it  considers  the  projectilesdes- 
ignated  asNo.S,  with  asingle  copper  band  placed  2.1  inches  from  the  base, 
as  the  best,  but  recommends  that  a  further  trial  be  made  with  a  projectile 
which  is  similar,  but  has  its  band  placed  1.85  inches  from  the  base. 

Firing  and  target  records  and  a  table  of  enlargements  are  inclosed. 
T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board. 
GEO.  W.  MoKEE, 

Major  of  Ordnance. 
CHABLES  SHALEE, 

Ci^tam  of  Ordnance. 
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Table  showing  enlargemenU  of  hore  and  chamber  of  flinch  breech-loading  chambered  rifle 
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DBaiGN  FOB  7-INCB  SIEGE  HOWITZER. 

(2  plates.) 

The  Obdnance  Board,  U.  S.  A.,  New  Yobk  Arsenal, 

Oovernor^s  Island^  N.  Y.  JJ.,  June  2, 1886. 

The  Chief  of  Ordnance,  U.  S.  A., 

Wdshington,  D.  0.: 

Sir  :  I  have  the  honor  to  forward  herewith  a  design  for  a  siege-how- 
itzer, the  details  of  which  have  been  worked  up  and  made  the  subject 
of  a  report  by  Lieutenant  Medcalfe.    The  report  is  herewith  inclosed. 

The  Board  assumed  as  bases  for  the  investigation :  (1)  That  weight  of 
piece  which  could  be  transported  with  an  army  over  ordinary  roads  and 
ponton  bridges ;  (2)  the  mass  of  material  being  thus  determined,  that 
arrangement  of  the  mass  which  would  give  the  most  powerful  piece 
practicable,  and  one  which  would  give  to  its  projectile  a  range  of  6,000 
yards. 

A  weight  of  3,750  pounds  was  adopted,  and  the  various  calculations 
made  Indicated  that  a  7  inch  howitzer  would  best  fulfllll  the  conditions 
imposed. 

As  powerful  a  howitzer  of  the  same  caliber  could  be  made  with  less 
material,  but  the  quantity  of  motion  of  such  a  piece,  when  fired,  would 
be  so  great  that  it  might  fairly  be  called  impracticable. 

With  the  same  weight  of  metal,  viz,  3,760  pounds,  a  larger  and  more 
powerful  howitzer  could  be  made,  but  for  the  same  reason  it  would  be 
impracticable.  A  certain  amount  of  weight  must  be,  and  in  foreign 
services  is,  allowed  for  such  pieces.  The  foreign  howitzer  which  most 
nearly  corresponds  to  this  piece  is  the  Austrian  18*^™  (7''.09)  bronze 
steel  howitzer.    Its  weight  is  4,409  pounds. 

Except  the  42-pouuder,  there  has  heretofore  been  no  gun  of  a  7-inch 
caliber  in  the  United  States  land  service,  but  there  does  not  at  present 
seem  to  be  a  necessity  for  arbitrarily  adopting  any  particular  caliber, 
and  the  basis  of  the  most  powerful  mortar  which  can  be  conveniently 
carried  over  ponton  bridges,  a  condition  which  governed  in  planning 
the  5-inch  breech-loading  siege-gun,  appeared  to  be  the  proper  one. 

A  sheet,  giving  dimensions  of  forgings  required  to  make  the  howitzer, 
is  forwarded.  Detailed  drawings  of  the  breech  mechanism  will  be  com- 
menced when  the  action  of  the  Department  on  the  general  plan  of  the 
piece  is  made  known  to  the  Board. 

For  the  Board. 

Very  respectfully,  your  obedient  servant, 

A.  MOBDBOAI, 
Lieutenant' OoUmel  of  OrdnancOj  Senior  Member  Present. 
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[  First  indorsement.  ] 

Ordnance  Office,  Washington^  June  8,  1886, 

Respectfully  returned  to  the  Ordnance  Board,  U.  S.  A.,  with  instruc- 
tions to  furnish  this  office  with  a  form  of  advertisement  and  specifica- 
tions for  the  steel  forgings  required  for  the  howitzer.  The  form  used 
for  the  5-inch  siege-gun  is  inclosed  herewith  for  its  guidance.  By  order 
of  the  Chief  of  Ordnance. 

CHAS.  S.  SMITH, 
Captain  of  Ordnance. 


ISecond  indorsement.] 

The  Ordnance  Board,  U.  S.  A., 
Governor's  Island,  N.  Y.  H.,  June  11,  1886. 

Respectfully  returned  to  the  Chief  of  Ordnance,  U.  S.  A. 
The  printed  form  of  advertisement  and  specifications  for  the  5-incb 
siege-gun  will,  with  the  slight  changes  indicated  in  ink  on  the  said  form 
(which  is  returned),  answer  for  the  7-inch  steel  howitzer. 
For  the  Board. 

A.  MORDECAI, 
Lieutenant' Colonel  of  Ordnance^  Senior  Member  Present, 


The  Ordnance  Board,  U.  S.  A.,  New  York  Arsenal, 

Oovernor^s  Island^  X.  T.  H.j  June  2,  1886. 

The  Fresidbnt  of  the  Ordnance  Board,  U.  S.  A., 

Governor* s  Island : 

Sir:  I  have  the  honor  to  submit  the  following  calculations  and  draw- 
ings for  a  7-inch  siege- howitzer,  prepared  under  the  direction  of  the 
Onlnance  Board. 

A  velocity  of  955  feet  at  the  muzzle  is  desired  to  give  the  necessary 
range,  and  the  weight  of  the  projectile  carrying  sufticient  bursting 
charge  has  been  previously  determined  to  be  105  pounds.  The  weight 
of  the  gun  is  to  be  about  3,750  pounds. 

The  following  data  are  therefore  assumed: 

Caliber=c=7  inches. 
Weight  of  shell=p=105  pounds. 
Initial  velocity =v=960  feet. 
Density  of  loading=J=0.85. 
Maximum  pre8Sure=Po=20,000  pounds. 

With  these  data  and  formulas  (85),  p.  88,  ^<  Becherches  sur  le  chargemmt 
des  boucheshfeuj^  we  can  determine  the  weight  of  charge,  length  of  bore, 
and  kind  of  powder  to  be  employed  to  obtain  the  desired  conditions. 

The  results  are  given  in  the  following  table: 


liodnliuof 
the  powder. 

Ratio  of  the    ' 
weifiht  of  the 

projectile  to 
the  weight  of 

Length  of 
travel  of  shot 
in  bore  ex- 
pressed in 

Weight  of 
charge. 

Logarithmic 

charact«iiatio 

of  suitable 

powder. 

the  charge. 

calib«ra. 

6» 

u 

logm, 

X 

P 

e 

1 

Poundi, 

I 

1.1 

0.0703 

0.52 

7.38 

'         0.32724 

1.9 

a  0740 

&«5 

7.87 

!         0.81688 

a» 

0.0804 

7.78 

&44 

0.80545 

0.8 

a  0870 

&02 

8.13 

0.292Q 

a? 

0.0M0 

6wl5 

10.08 

0.27690 
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Taking  the  case  of  07=1.0,  we  see  that  with  a  charge  of  about  8  pounds 
of  suitable  powder  and  a  travel  of  the  shot  in  the  bore  of  8.6  calibers, 
we  should  obtain  the  desired  velocity  with  a  pressure  not  exoeeding 
20,000  pounds. 

A  guu  of  this  length  would  weigh  but  2,240  pounds,  and  to  utilioe  the 
metal  needed  to  bring  the  weight  up  to  3,750  pounds,  a  greater  length 
of  bore  can  be  assumed,  and  a  gun  calculated  which  will  permit  the  use 
of  a  reduced  charge  when  it  is  desired  to  obtain  the  required  velocit}' 
of  955  feet ;  and  also  a  maximum  charge  giving  when  needed  a  greater 
velocity. 

As  it  was  also  desirable  to  have  a  surplus  of  weight  over  that  abso- 
lutely required  for  strength,  in  order  to  reduce  the  shock  on  the  oarriai^e, 
a  length  of  bore  of  about  12  calibers  was  assumed  as  giving  a  gun  fid- 
^Ung  both  conditions. 

Preliminary  calculations  lead  to  the  assumption  of  the  follovring  data : 

Caliber =7  inches. 

Diameter  of  chamber =7.1  inches. 

Length  of  chamber  with  De  Bange  gas-check =10.44  inches. 

Volume  of  chamber,  exclusive  of  volume  occupied  by  gas-check= 

(^=306.84  cubic  inches. 
Travel  of  shot  in  bore=u=76.25  inches. 
Total  length  of  bore=86.69  inches. 

Formulas  84,  p.  85,  Bech&rches  sur  le  chargement  des  bouchea  d  feuy 
enable  us  to  determine  the  charges  and  kinds  of  powder  best  suited  to 
a  gun  of  the  above  interior  dimensions. 

[DatA :  c=7  u=76.25 ;  8*806.84  p-106  P«320,000  pounds.] 


ModoloB. 

X 

Height  of 
duurge. 

Density  of 
loading. 

V 

Logarithmio 
oliaraeteriatio 

powder. 
logm 

1.2 
1.1 
1.0 

a9 

Poundi. 
8.390 
8.818 
9.313 
9.893 

• 

0.757 
0.796 
0.841 
0.898 

1.007 
1.027 
1,060 
1,076 

0.38145 
0.81255 
0.29185 
0.26805 

X=l.l  corresponds  nearly  to  I.  K.  B.  and  L.  X.  powders.  The  char- 
acteristics of  these  powders  have  been  deduced  from  firing  them  in  the 
3''.2  breech-loading  field-gun,  and  were  found  to  be : 

For  I.  K.  B.,  log  a=0.31273 ;  log  /?=0.14618. 
For  L.  X.,  log  a=0.31562 ;  log  /?=0.16297. 

The  maximum  charge  will  be  determined  by  the  density  of  loading 
that  can  be  convenient^  attained  using  the  De  Bange  gas-check.  Ten 
pounds  gives  a  density  of  loading=0.9,  and  is  therefore  assumed  as  the 
maximum  chaige. 

Using  L  EL  S.  powder  and  calcolating  the  velocity  by  Sarrau's  for- 
mula for  quick  powders, 

y=:M  a  /9-iG0lJi  oluA 

— p3r- 

log  M=r2.84570. 
We  find  for  (»=8  pounds  V=957.6  feet  density  of  loading=zf =0.722 ; 
for  07=10  pounds  7=1101.0  feet  density  of  loadings  J=0.902. 
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L.  X.  B.  powder  gives  higher  pressures  as  well  as  higher  velocities  than 
any  of  the  lots  of  L.  X.  or  I.  K.  powders ;  the  characteristics  of  that 
powder  will  therefore  be  used  to  determine  the  maximum  pressure  to 
be  ezi)ected. 
From  firing  the  3'^2  breech-loading  steel  rifle  we  have : 

For  L.  X.  B,,  log  a=0.33940 ;  log  /?=0.17243. 

For  calculating  the  pressure  on  the  bcctom  of  the  bore  we  have  the 
formula: 

Po=Ko  a*  J;rlpi 

c« 
log  Eo=:4.25090. 
We  find  for  (»=8  pounds  L.  X.  B. ;  Po= 19,080  pounds, 

for  (»=:10  pounds  L.  X.  B.;  Po=28,190  pounds,  say  28,500. 
The  remaining  calculations  are  made  for  the  maximum  charge. 
To  find  the  distance  traveled  by  the  ))rojectile  before  the  maximum 
pressure  is  obtained,  Sarrau's  formula  110,  p.  133,  Proceedings  of  TJ.  S. 
Naval  Institute,  Vol.  X,  is  used. 


V =0.6/10(1-^^ 


n=distance  traveled  by  projectile  before  maximum  i)essure  is 

attained. 
/jiQ=reduc€d  length  of  chamber  or  length  of  a  cylinder  having  the 
volume  of  the  chamber  aiid  a  base  having  an  area  equal  to 
that  of  a  right  section  of  the  bore. 
J=density  of  loading. 
<^=:real  density  of  the  powder. 
For  the  gun  considered  we  have,  using  10  pounds  of  L.  X.  powder: 
j^=:7''.973,  J=0.002,  d=1.704 

U=2'^251. 
To  calculate  the  interior  pressure  at  diftereut  points  of  the  bore,  it  is 
assumed  that  Krupp's  formula,  given  on  page  139,  Revue  cPArtiUerie 
November,  1883,  represents  the  law  of  pressures  after  the  projectile  has 
passed  the  point  of  maximum  pressuie. 
The  formula  is : 

p=p.  (.^^ .... 

Pspressure  to  be  determined  at  any  point. 

Po=maximum  pressure=28,500  pounds= 12.73  tons. 

J^= volume  of  .bore  in  rear  of  right  section  through  point;  2''.25m 
in  front  of  face  of  chamber=393.48  cubic  inches. 

J=volume  of  bore  up  to  point  at  which  the  pressure=P. 

To  find  the  probable  factor  of  effect  of  the  gun,  the  work  capable 

of  being  done  by  the  charge  is  calculated  from  Table  1,  Mackinlay's 

Text  Book  of  Gunnery,  and  found  to  be  1,139.^9  foot-tons. 

WV« 
For  V=l,100  feet,  W=105 pounds,  we have-s;— on^Tr  =881.8  foot-tons. 

881 8 
The  fiftctor  of  effect  is  therefore  ..^^  .  =77.4  per  cent. 

This  factor  is  used  in  calculating  the  effective  work  performed  on  the 
projectile,  and  the  velocity  attained  by  the  latter  at  different  points 
along  the  bore. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


The  resalts  are  given  in  the  following  table: 


207 


Distenoe  from 
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&04 
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2.01 

00.0 

834.35 

1,070.0 

1.55 

*7e.26 

881.80 
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L28 
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To  obtain  approximate  thickness  of  walls  over  chamber  the  following 
Xormida  is  nsed  (Mackinlay,  p.  17) : 

p  d  /=  2  m  to+2  n  ^. 

/  =factor  of  safety,  assnmed=4. 
d  =diameter  of  chamber=7'M. 
p  =maximum  pressure =12.73  tons=28,500  pounds, 
to  =tenacity  of  tube=80,000  pounds, 
ti  =tenacity  of  jacket=90,000  pounds. 
m=thicknes8  of  tube,  as8umed=2'^ 
n  =thicknes8  of  jacket. 
Whence  n=2.73  and  thickness  of  walls=w+n=4.72. 

Starting  with  this  thickness  of  wall  over  the  seat  of  the  projectile, 
the  gun  is  proportioned  as  shown  in  the  accompanying  drawings,  so 
as  to  bring  up  the  weight  to  about  3,750  pounds,  and  distribute  the 
metal  symmetrically.  The  jacket  is  carried  farther  forward  than  abso- 
lute strength  requires  to  increase  the  weight. 

The  center  of  gravity  of  the  gun  is  36''.71  from  the  breech.  The  axis 
of  the  trunnions  is  placed  at  37''.3  from  the  breech  to  allow  a  prepon- 
derance of  about  50  pounds  at  a  point  18'^3  in  rear  of  that  axis,  the  po- 
sition of  the  rear  end  of  the  elevating  arc. 

To  complete  the  elastic  resistances  at  different  points  and  the  shrink- 
age to  be  adopted  for  the  jacket,  the  formulas  given  in  construction 
note  No.  35  are  used. 

The  physical  qualities  of  the  metal  are  assumed  as  follows : 

For  tnhe  i  ^o=A)=42,000  pQunds.   -p      .    .,  i  ft=p=52,000  pounds, 
i^or  tuDe  ^  J5^:=29,000,000  pounds.  *^^  ^^^^^  \  ^1=29,000,000  pounds. 

The  limiting  values  of  the  elastic  displacements  of  the  metals  are 
therefore 

For  tube  ^^=^^^=^=0-Wl^^- 


For  jacket 
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The  elastic  streu<?tli  of  the  gun  has  been  determined  at  five  points, 
viz :  over  chamber ;  2 J  inches  in  front  of  chamber ;  at  forward  end  of 
jacket;  at  commencement  of  chase  ^  at  the  muzzle. 

The  data  are — 

(1)  }  i?,=5.83  (2)  }  i?,=5.50  (3)  \  i?,=5.50   (4)  \  ^ZkII  (5)  \  ^Zn^ 

From  formula  (30'')  we  obtain— 

(1)  Po=34,824  pounds=15.546  tons. 

(2)  Po=34,61G  pounds=15.454  tons. 

(3)  Po=32,409  pouuas= 11.468  tons. 

(4)  Po=15,58S  pouuds=(5.95S  tons. 

(5)  Po=r2,904  pounds=5.7()0  tons. 

The  allowable  initial  compression  of  the  tube  in  state  of  rest  is  given 
by  equation  (34) — 

P,i=(Pi+|;,)=13,228  pounds. 

Exterior  pressure  acting  on  tube  in  state  of  rest  is  from  equation 
(33'a)— 

P,i=Pi+i)i=7,689.8  pounds. 

Hence  the  values  obtained  above  for  Pq  are  admissible. 
The  shrinkage  of  jacket  above  chamber  is  determined  by  equation 
(44) ;  we  have — 

^i=0".0013719. 

Absolute  shrinkage=f ,  x  11''.66=:0''.015996. 

Since  the  completion  of  the  above  the  diameter  given  the  chamber 
has  been  increased  to  7".2.  This  change  will  not  materially  aifect  the 
values  obtained  above. 

The  slight  changes  thereby  necessary  in  the  dimensions  of  the  breech- 
block and  base-ring  have  been  allowed  for  in  the  accompanying  tracing 
of  the  gun. 

Very  respectfullv,  your  obedient  servant, 

WM.  M.  MEDOALFE, 
Lieutenant  of  Ordnance. 
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EXPERIMENTS  WITH  BLASTING  GELATINE  BY  THE  ORDNANCE  BOARD. 

(1  plate.) 

Foar  reports  Lave  been  made  on  this  subject,  one  having  been  for* 
warded  April  7,  1883,  a  second,  March  15,  1884,  a  third,  October  11, 
1884,  and  a  fourth,  July  7, 1885.  These  reports  were  accompaniled  by 
firing  records,  and  gave  in  detail  the  kind  of  projectiles  fired,  and  the 
results  obtained.  A  summary  will  therefore  be  all  that  is  necessary  at 
present. 

Ordnance  Board  Eeport  No.  7,  forwarded  April  7,  1883,  contained  an 
account  of  experiments  with  camphorated  explosive  gelatine  received 
from  the  Navy  Department  March  15, 1883.  This  was  stated  by  Osptliin 
Selfridge  to  be  composed  of  88.66  per  cent,  of  nitro-glycerine,  7.84  i)er 
cent,  of  soluble  gun-cotton,  4  per  cent,  of  camphor. 

Five  shell,  charged  each  with  6^  ounces  of  the  gelatine,  were  fired 
from  the  3-inch  wrought-iron  field  gun  at  a  wroughtiron  plate ;  all  of 
these  burst  after  leaving  the  gun  and  before  striking  the  target.  As 
the  explosive  had  been  on  band  for  some  time  before  its  receipt  at  the 
proving  ground,  a  request  was  made  that  a  similar  substance,  but  un- 
camphorated,  might  be  furnished. 

Ordnance  Board  Eeport  No.  19,  forwarded  March  15, 1884,  contained 
an  account  of  experiments  with  a  new  lot  of  the  substance  which  had 
been  received  from  General  Abbot.  It  was  manufactured  by  the  Nobel's 
Explosive  Company,  of  Glasgow,  and  is  by  them  denominated  ^'  blasting 
gelatine."  It  is  a  jelly-like  substance,  of  a  straw-yellow  color,  contain- 
ing 92  per  cent,  of  nitro  glycerine,  and  8  percent,  of  soluble  gun-cotton. 
It  is  shown  by  General  Abbot,  in  a  graphic  comparison  of  various  high 
explosives  given  in  a  plate  facing  page  30  of  Addendum  2,  of  a  '^  Be- 
port  upon  investigations  to  develop  a  system  of  submarine  mines,  &c.," 
to  have  an  intensity  of  142  as  compared  with  nitro-glycerine,  which  is 
given  in  the  same  table  as  81.  According  to  this  it  is  the  most  power- 
ful  of  the  27  explosives  therein  tabulated.  From  its  state  of  aggrega- 
tion it  is  one  of  the  least  sensitive  of  the  high  explosives. 

Two  shell,  with  charges  of  this  gelatine,  were  fired  from  the  3-inch 
wroughtiron  field  gun  at  a  wrought-iron  plate  ^  one  of  these,  as  before, 
broke  up  after  leaving  the  gun  and  before  striking  the  plate ;  the  second, 
containing  a  charge  of  12  ounces  of  gelatine,  did  not  take  the  grooves 
as  was  indicated  by  its  striking  sidewise.    It  broke  on  impact. 

From  the  fact  that  six  shell  had  burst  after  leaving  the  muzzle  and 
before  striking  the  target,  while  the  seventh,  which  failed  to  take  the 
grooves,  did  not  burst  until  impact,  it  was  believed  that  the  rupture  of 
the  first  six  was  due  to  heat  generated  by  fi-iction  between  the  rotating 
projectile  and  the  comparatively  inert  mass  of  contained  gelatine;  there- 
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fore  3  projec*tiles  for  a  3.2-inch  gun  were  prepared  with  hollow  cylindrical 
wooden  cases  closed  at  the  bottom  and  lubricated  on  the  exterior.  Into 
each  case  one  pound  of  the  gelatine  was  packed.  Tbe  first  projectile 
did  not  explode  until,  having  passed  throagh  a  wooden  screen  2  inches 
thick,  it  struck  against  a  plate  target.  In  the  second,  the  wooden  case 
was  cracked  while  being  filled,  and  the  shell  burst  soon  after  leaving  the 
muzzle  of  the  gun ;  the  third  burst  in  the  gun  and  destroyed  it.  This 
was  the  first  indication  that  rnpture  might  possibly  ensue  from  the 
shock  of  discharge,  as  the  projectile  had  apparently  moved  but  little 
when  it  exploded.  As,  however,  this  projectile  was  an  old  one,  and  all 
the  previous  experiments  indicated  that  the  shock. of  discharge  had 
not  been  sufficient  to  cause  the  ignition  of  the  gelatine,  it  was  believed 
that  the  injury  was  due  to  the  rupture  of  the  projectile  by  the  i>owder 
charge  or  to  the  bad  fitting  of  a  base  screw  which  had  permitted  the 
inflamed  gases  to  reach  the  contents  of  the  shell.  It  was  recommended 
that  new  projectiles,  specially  prepared  for  the  purpose,  might  be  fired 
from  an  8-inch  muzzle-loading  rifle. 

Ordnance  Board  Kei)ort  No.  26,  forwarded  October  11, 1884,  contained 
an  account  of  the  experiments  with  these  projectiles. 

They  were  made  of  cast  iron  and  had  the  ogival  head  connected  to  the 
body  by  a  screw-thread.  To  avoid  friction  between  the  gelatine  and 
the  walls  of  the  rotating  shell,  the  explosiv^e  was  packed  into  a  thick 
cylindrical  pasteboard  case  closed  at  the  bottom  and  divided  longi- 
tudinally into  four  compartments,  formed  by  two  pieces  of  wood  inter- 
secting and  at  right  angles  to  each  other.  The  outer  edges  of  these 
wooden  pieces  were  let  into  grooves  cut  in  the  pasteboard  cylinder. 
The  cylinder  fitted  the  shell  cavity  loosely  and  was  coated  on  the  ex- 
terior with  tallow  and  plumbago.  The  first  shell  thus  prepared  con- 
tained 5  pounds  3^  ounces  of  gelatine  and  had  a  hoUow  rubber  buffer 
6  inches  long,  L  inch  thick,  and  closed  at  both  ends,  interposed  between 
it  and  the  charge  of  powder,  the  charge  being  40  pounds  of  Du  Pout's 
sphero-hexagonal  K.  H.  B.  The  shell  struck  the  target,  burst  on  im- 
pact, and  broke  up  into  small  fragments.  An  indentation  about  7 
inches  deep  was  made  in  the  plate.  A  second  shell,  prepared  in  a 
similar  manner,  except  that  the  wooden  diaphragm  was  omitted,  was 
then  fired  and  burst  near  the  muzzle  of  the  gun.  A  third  shell,  ar- 
ranged exactly  as  the  first  one,  that  is,  containing  a  pasteboard  case 
with  its  wooden  diaphragm^  did  not  burst  until  the  target  was  struck. 
These  three  rounds  seemed  to  indicate  that  the  case  was  superfluous, 
and  that  a  stout  diaphragm  which  would  cause  the  gelatine  to  rotate 
with  the  shell  would  enable  the  substance  to  be  fired  safely.  A  fourth 
round  was  then  fired  with  a  copper  diaphragm  let  into  longitudinal 
grooves  formed  in  the  sides  of  the  cavity.  This  shell  contained  8  pounds 
13  ounces  of  gelatine,  was  fired  with  a  40-pound  charge  of  sphero-hex- 
agonal powder,  and  did  not  burst  until  impact. 

These  records  then  appeared  to  indicate  that  there  was  but  little 
danger  of  explosion  of  the  gelatine  from  the  shock  of  discharge.  The 
injury  to  the  wrought-iron  target,  composed  of  3  plates  each  4  inches 
thick,  was  not  as  great  as  that  inflicted  by  an  ordinary  8-inch  chilled 
shot  containing  a  bursting  charge  of  rifle  powder.  From  their  mode  of 
construction  these  shells  were  not  very  strong,  and  it  was  requested 
that  six  steel  shell,  each  with  a  solid  head  and  having  the  base  of  the 
cavity  closed  by  a  heavy  screw  plug  for  convenience  In  inserting  the 
gelatine,  might  be  obtained  ;  the  request  having  been  granted,  the  shell 
were  procured  from  the  Mulvale  Steel  Company. 
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lu  the  mean  time  a  section  of  a  wrougbt-iron  turret  prepared  some 
years  ago  by  the  United  States  Engineer  Corps  had  been  transferred  to 
the  Ordnance  Department  and  erected  at  Sandy  Hook.  It  consisted 
essentially  of  7-inch  wroaghtiron  plates  bolted  together  to  form  two 
thicknesses. 

Ordnance  Board  Report  No.  11,  forwarded  July  7, 1885,  contained 
an  acconnt  of  the  firing  with  steel  shell.  Tbe  first  steel  shell  was  with- 
out a  bursting  charge,  wai  fired  agaiust  the  target  June  12,  1885,  struck 
it  obliquely,  and  was  broken  into  small  fragments.  The  second  shell, 
also  without  a  bursting  charge,  struck  head  on,  penetrated  to  a  depth 
of  9J  inches,  rebounded,  and  was  found  to  be  practically  uninjured. 

A  third  shell  was  theu  grooved  on  the  interior  to  hold  the  edges  of  a 
copper  diaphragm,  filled  with  a  charge  of  5  pounds  of  blasting  gela- 
tine, fired  with  a  powder  charge  of  40  pounds  of  F.  V.  M.  hexagonal 
powder  and  destroyed  the  gun.  The  gelatine  had  been  on  hand  for 
more  than  a  year,  and  it  was  thought  possible  that  it  might  have  de- 
teriorated ;  furthermore,  as  it  was  uncamphorated,  it  was  not  considered 
that  a  satisfactory  trial  had  been  made  of  the  best  obtainable  high  ex- 
plosive, and  the  Board  in  its  report  of  July  7, 1885,  stated  that  possibly 
camphorated  gelatine  might  be  more  uniform  in  its  action.  This  com- 
pletes a  summary  of  the  experiments  and  reports  made  up  to  July  7  of 
last  year. 

Extracts  from  the  recocds  forwarded  with  these  reports  showing  the 
action  of  all  the  shells  fired  with  gelatine  are  given  in  the  following : 
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Table  of  the  results  obtained  at  Sandy  Hook  up  to  Juljf 
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'j  1885,  with  shells  containing  blasting  gelatine. 


Fired  at  iron  plate.    Shell  fonnd  at  plate  broken  into  very  umall  fragmenta— plate  spattered  with  lead 
from  aabot.    Indentation  Blight. 


Fired  at  Iron  plate  and  through  a  wooden  screen  placed  between  gon  and  plate.    Shell  broke  np  at  on 
nraizle. 


Fired  oTWiniifee& 
Burst  at  or  near  mnasla 


*  Shell  loaded  with  explosive  gelatine.  Fired  at  iron  tareet  70  yards  from  mnzzle  of  gnn  to  ascertain 
if  shock  of  firing  wonld  explode  gelatine.    Shell  exploded  at  or  near  mozzle  of  gnn. 

Fired  at  iron  target  70  yards  from  mnzzle  of  gan  to  ascertain  if  shock  of  firing  woald  explode  gelatine. 
Shell  exploded  on  striking  target.  A  wad  of  tow  half  filling  a  3-inch  cartridge  bag  was  interposed 
between  shell  and  cartridge.  The  shell  stmck  target  sideways,  prodncing  an  appreciable  indenta- 
tion. The  heads  of  the  shells  used  in  these  rounds  (704  and  796)  were  screwed  to  the  body  for  the 
sake  of  convenience  in  introducing  the  gelatine.  The  gelatine  sticks  (in  paper  wrappers)  wero 
loaded  in  the  shell  as  compactly  as  conld  be  done  by  hand,  and  the  head  of  the  sh^l  was  filled  with 
cotton  waste. 


Fired  at  iron  target  distant  70  yards  from  gnn  to  ascertain  if  shock  of  firing  wonld  explode  selatine. 

Shell  exploded  at  or  near  muzzle  of  gun.    Oelatine  packed  in  shell  as  compactly  as  possible  by  hand. 

Paper  coverings  romoved  from  sticks  of  upper  layers  and  head  filial  with  cotton  waste.    A  tow  wad 

was  inserted  between  base  of  shot  and  cartridge. 

'  Fired  at  iron  target  distant  70  yards  from  gun  to  ascertain  if  shock  of  firing  would  explode  gelatine. 
Gelatine  packed  in  an  inner  wooden  case  as  compactly  as  possible  by  hand.  Paper  coverings 
romoved  from  sticks  of  upper  layers  and  head  of  shell  Ailed  with  cotton  waste.  A  tow  wad  was 
inserted  between  base  of  snot  and  cartridge.  The  inner  case  was  of  pine  wood  and  was  so  fitted  to 
the  cavity  of  shell  to  admit  free  motion  within  it.  Walls  of  cavity  and  inside  and  out  of  wooden 
case  smeared  with  paraffine  and  black  lead. 
•{  Round  870. — Shell  passed  through  wooden  screen  2  inches  thick  without  bursting.  Burst  on  striking 
target. 

Bound  880. — Burst  at  or  near  muzzle. 

Round  881.— Burst  in  gun.  All  that  part  of  gun  in  rear  of  fh>nt  of  breech  receiver  was  thrown  nnin- 
jured  to  the  rear,  and  rest  of  the  gun  was  broken  into  six  large  fragments.  The  carriage  was  dis- 
mounted ;  both  wheels  entirely  disabled ;  cheeks  spread  outward  forward  of  the  front  trim^om  9V> ; 
roinforoing  cheek  and  trunnion  bed-plate  broken. 
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r,  IdSOf  with  Hhella  containing  bleating  gelatine — Coatmued. 

BemArkfl. 


'Fired  at  iron  target  distant  383  feet  ttom  gnn  consifitine  of  10  inohes  of  iron  backed  by  30  inches 
of  oak.  preTionsly  used  in  experimenta  with  15-inoh  S.  B.  gnn. 

Round  425.—  Sliell especially  prepared,  with  detachable  head  for  explosive  i^elatinOf  containing  a  paper 
case  i  inch  thick,  divided  lonj^itudinally  in  four  sections  by  wooden  i>artitionslinch  thick,  intersect* 
ine  each  ottior  at  i  ipht  angles,  extending,  however,  only  to  within  f  inch  of  bottom ;  resting  on  cork 
filling  bottom  of  shcJl  cavity.  A  rubber  bnffer  (1  inch  thick.  Cinches  long,  and  0  inches  in  diameter) 
was  also  interposed  between  cartridge  and  shell.  The-interior  of  shell,  the  cork,  and  surfares  of 
paper  case  were  carefully  smearea  with  plumbago  and  the  explosive  gelatine  filled  in  compactly 
without  removing  paper  from  sticks.  Small  wads  of  waste  wei-e  placed  underneath  and  above  the 
gelatine.  Tho  sbell  burst  into  small  fragments  after  striking  target.  The  head,  a  laiige  portion  of 
which  was  found  in  front  of  target,  had  penetrated  to  a  depth  ot  abont  7  inches,  leaving  a  fkir  im- 
pression, on  tho  ri;;ht  side  of  which  the  outer  2-inch  plate  of  target  was  somewhat  cracked. 

Round  42G.— Shell  pi  eparcd  as  in  preceding  roand,  except  that  the  wooden  partitions  were  omitted  and 
that  tho  interior  surface  of  the  paper  case  was  not  coated  with  plnmbago.  Shell  burst  at  or  near 
muzzle  with  so  little  comparative  violence  that  large  pieces  of  the  paper  case— the  bottom  almost 
entire — wero  picked  up  between  gun  and  target.  A  portion  of  the  baso  of  shell,  carrying  aboat 
two-thirds  of  the  sabot,  struck  target,  making  well-marked  indentation. 

Round  427. — Shell  si)eciaily  prepared  and  fired  as  in  round  425,  except  that  the  gelatine  in  each  parti- 
tion was  covered  with  pasteboard  discs.  Shell  burst  into  small  fragments  after  striking  target, 
making  penetration  of  7  inches. 


Fired  at  iron  target  distant  853  feet  fh)m  gun,  and  shell  exploded  on  impact.  SheR  divided  into  4  longi- 
tudinal sections  by  diaphragms  of  sheet  copper,  and  gelatine  packed  in  by  hand,  a  small  pad  of 
cotton  waste  being  placed  at  oottom  and  top. 


Fired  at  iron  casemate  target  distant  805  feet  from  ran.  Shell  divided  into  4  longitudinal  sections  by 
sheet-eopper  diaphragms,  and  gelatine  packed  in  oy  hand,  a  small  pad  of  cotton  waste  being  placed 
at  bottom  and  top.  Gun  burst,  breaking  into  many  small  fragments  from  a  plane  passing  turongh 
the  front  of  the  Jacket  to  tho  muzzle  collar. 
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The  Chief  of  Ordnance  directed  that  a  supply  of  blnstiuiij  gelatine 
containing  3  per  cent,  of  camphor  should  he  obtained  from  the  Nobel's 
Explosive  Company  in  Glasgow,  and  this  having  been  received,  a  steel 
shell  with  a  copper  diaphragm  and  containing  5  pounds  of  the  campho- 
rated substance,  was  on  June  15, 1886,  fired  against  the  14-inch  target. 

This  shell  burst  before  reaching  the  muzzle  of  the  gun.  Its  action, 
however,  was  sufficiently  singular  to  require  some  special  comment. 
The  gun  in  this  case  was  the  8iuch  muzzle-loading  rifie,  converted,  No. 
5.  As  in  all  these  guns  the  casing  was  of  cast  iron,  the  lining  was  a 
coiled  and  welded  wroughtiron  tul^.  After  the  injury  to  the  piece  it 
was  found  that  the  wrought-iron  tube  was  swelled  extensively,  ban- 
ning at  a  point  abo«t  2  feet  from  the  muzzle,  the  exterior  casing  having 
been  split  off  from  this  point.  To  the  rear  of  this  point  the  gun  was  but 
slightly  ii^jured.  This  indicated  that  the  explosion  of  the  gelatine  was 
not  due  to  the  shock  of  discharge,  and  that  it  was  of  a  gradual  nature, 
caused  rather  by  rotation,  sufficient  heat  to  produce  explosion  not  hav- 
ing been  developed  till  the  projectile  had  nearly  reached  the  muzzle,  an 
indication  that  seemed  to  be  confirmed  by  an  occurrence  to  be  alluded 
to  subsequently. 

As  the  gun  was  still  capable  of  further  use  for  experimental  purposes 
a  second  steel  shell,  having  a  bursting  charge  of  gunpowder,  was  fired 
in  order  to  ascertain  if  it  was  possible  that  the  inflamed  gas  could  in- 
sinuate itself  along  the  screw-thread  and  rupture  the  shell.  Such  was 
evidently  not  the  case,  as  this  projectile  (round  649  of  the  firing  record 
of  8-inch  muzzle-loading  rifie,  converted.  No.  5)  did  not  explode  until 
impact  agaiusUthe  target 

This  completes,  up  to  the  present  time,  the  experiments  with  pro- 
jectiles very  similar  to  those  in  ordinary  use  and  explosive  gelatine. 

On  July  7, 1886,  a  projectile  devised'by  Mr.  B.  B.  Hill,  shown  in  the 
accompanying  plate,  was  fired.  A  Butler  shell  was  bored  through  ttke 
base  until  the  cylindrical  part  of  the  interior  cavity,  4'^91  in  diameter, 
was  reached.  A  female  thread  2".5  long  was  cut  at  the  posterior  ex 
tremity  of  the  cavity,  and  four  longitudinal  grooves  diametrically  op- 
posite each  other  8".25  long,  CMS  wide,  and  (KM25  deep  were  formed 
on  the  interior.  A  screw-plug  with  a  head  6'^6  in  diameter  closed  the 
shell-cavity,  the  head  containing  four  screwed  holes  to  receive  the  ends 
of  as  many  rods  0".15  in  diameter  and  9'^  long.  On  these  rods  was 
secured  an  elastic  bufier  consisting  of  six  felt  discs  each  1  inch  thick, 
and  having  four  perforations  through  which  the  rods  passed,  while  at 
the  base  of  the  buffer  a  heavy  iron  plate,  1  inch  thick,  was  passed  over 
the  rods,  and  supported  firmly  against  the  posterior  felt  disc  by  nuts. 
The  forward  part  of  the  shell-cavity  was  provided  with  an  elastic  cush- 
ion formed  of  felt  discs  cut  to  conform  to  the  cavity.  Against  this 
cushion  was  placed  the  smaller  end  of  a  brass  case,  which  was  the  re- 
•ceptacle  for  a  charge  of  explosive  gelatine.  A  similar  cushion  was  held 
firmly  against  the  rear  of  this  case  when  the  screw-plug  closing  the 
cavity  was  turned  home.  Four  studs  projecting  from  points  near  th^ 
base  of  the  case  engaged  in  the  longitudinal  grooves  previously  de- 
scribed, and  were  intended  to  cause  the  case  to  rotate  with  the  shell. 
There  was  furthermore  an  apparatus  intended  to  effect  the  explosion 
of  a  fulminate,  but  subsequent  remarks  will  show  that  no  necessity  ex- 
isted for  the  use  of  this  device,  and  it  is  not  described.  The  base  of 
the  case  was  fastened  to  the  body  by  a  screw-thread,  and  when  this  was 
unscrewed  the  bursting  charge  could  be  inserted  easily. 

The  felt  cushion  in  rear  of  the  case,  and  the  felt  buffer  in  rear  of  the 
shell,  were  intended  to  moderate  the  shock  of  discharge.    Hie  ftlt 
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cashiou  in  froyt  of  tbe  case  was  desigued  to  delay  for  a  short  interval 
the  explosion  of  the  bursting  charge,  and  thus  insure  a  partial  penetra- 
tion of  an  armor-plate. 

On  July  7  Mr.  Hill,  the  inventor,  being  present,  the  case  was,  under 
his  supervision,  filled  with  5  pounds  of  camphorated  gelatine.  The 
different  parts  of  the  shell  were  assembled  and  placed  with  a  charge  of 
40  pounds  of  Du  Font's  B.  V.  powder  in  the  8-inch  muzzle-loading  rifle, 
converted,  No  6,  which  had,  as  hereinbefore  described,  been  injured. 
.  When  the  charge  was  ignited  the  gun  was  shattered  to  fragments 
about  a  point,  which  showed  that  the  projectile  had  not  moved  appre- 
ciably before  the  gelatine  exploded  the  shell.  From  the  complete  de- 
struction which  ensued,  the  explosion  of  the  substance  was  of  a  high  if 
not  of  the  highest  order. 

It  is  for  this  reason  that  the  phenomena  which  occurred  when  the  gun 
wafl^rst  injured  require  a  careful  consideration.  Had  the  first  injury 
been  due  to  the  action  of  the  shock  of  discharge  upon  the  gelatine,  the 
gun.  instead  of  being  swelled  near  the  muzzle,  would  have  been  shat- 
tered at  the  seat  of  the  projectile.  As  Mr.  Hill's  projectile  had  not 
moved,  rupture  in  that  case  was  not  due  to  heat  caused  by  rotation.  It 
would  seem,  then,  that  the  first  injury  to  the  gun  resulted  from  a  low 
order  of  explosion,  caused  by  rotation  of  the  walls  of  the  projectile  in 
contact  with  the  contained  mass  of  gelatine.  This  could  not  have  oc- 
curred had  the  copper  diaphragm  been  secured  properly  in  the  grooved 
walls  of  the  shell.  It  seems  to  be  a  fair  inference  that  a  stronger  dia- 
phragm, composed  of  steel  plates  and  with  its  edges  inserted  into  deeper 
grooves,  should  be  tried. 

To  sum  up  the  results  of  experiments  with  explosive  and  blasting 
gelatine,  we  find  that — 

Seven  3-inch  shells  were  fired  without  injury  to  the  gun,  six  of 
which  burst  before  striking  the  target,  one  burst  on  impact. 

Four  3.2-inch  steel  shells  were  fired,  two  of  which  burst  before  strik- 
ing the  target,  one  burst  on  impact,  and  one  burst  in  the  gun,  destroy- 
ing it. 

Four  8-inch  cast-iron  shells  were  fired  without  injury  to  the  gun;  one 
burst  before  striking  the  target,  and  three  burst  on  impact. 

Two  8-inch  steel  shells  were  fired,  each  of  which  injured  the  gun. 

One  Hill  projectile  fired,  which  injured  the  gun. 

The  records  relating  to  the  firing  with  camphorated  blasting  gela- 
tine are  herewith  enclosed. 

J.  MCALLISTER, 
Colonel  of  Ordnance,  President  of  the  Board. 

A.  MORDECAI, 
Lieutenant-Colonel  of  Ordnance. 
CHARLES  SHALER, 
Captain  of  Ordnamce. 
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Record  of  firing  with  8'inch  mussle-loading  riflCj  convirted^ 
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STEEL  AND  WOODEN  AMMUNITION-CHESTS  BY  THE  ORDNANCE  BOARD. 

(6  plates.) 

A  letter  dated  May  28, 1885,  from  Colonel  Mordecai,  commanding  the 
Watervliet  Arsenal,  to  the  Chief  of  Ordnance,  suggested: 

That  ill  order  to  obtain  some  data  in  regard  to  the  advantage  of  using  metxil  eotiro 
in  the  construction  of  ammunition-chests  for  the  field  service,  one  of  tho  metal  chests 
be  subjected  to  expenment  by  the  Ordnance  Board.  A  chest  of  metal  and  one  of  woo<l 
could  be  loaded  with  cartridges,  and  projectiles  prepared  with  powder  and  fuze,  and 
be  fired  at  with  small-arm  ammunition  at  ranges  under  500  yards.        •        *        • 

This  suggestion  was  approved  by  the  Chief  of  Ordnance  in  his  in- 
dorsement of  June  G,  1885,  and  a  steel  chest  was  forwarded  to  Sandy 
Hook.  It  is  supposed  that  the  construction  report  from  Watertown 
Arsenal  will  give  details  and  drawings  of  the  chest  as  completed.  A 
perspective  drawing  not  made  to  scale  and  only  such  points  relating  to 
the  construction  and  arrangement  as  are  required  for  the  purposes  of 
this  report  are  furnished  herewith. 

The  steel  chest  (Plate  I)  is  made  of  plates  about  one-tenth  of  an  inch 
in  thickness,  and  is  composed,  essentially,  of  a  top,  front,  and  bottom 
plate,  two  end  plates,  and  a  back  plate.  The  top  plate,  which  serves  as 
a  seat,  is  curved  and  projects  0'^75  all  around.  Its  edges  are  folded 
back,  and  at  the  front  and  ends  they  are  bent  downward  and  riveted  to 
the  corresponding  edges  of  the  front  and  end  plates ;  at  the  rear  the  top 
plate  is  folded  upon  itself  and  secured  by  rivets.  The  front,  bottom,  and 
end  plates  are  secured  to  each  other  by  internal  and  external  angle-irons 
riveted  through  and  through.  The  back  plate  is  secured  to  the  bottom 
plate  by  hinges,  which  allow  it  to  open  backward  and  downward ;  it  is 
supported  when  open  by  a  chain  at  eaeh  end  connected  with  the  end 
plate  and  forms  a  table. 

A  partition  one  tenth  of  an  inch  thick  divides  the  interior  of  the  chest 
into  two  equal  parts.  On  the  left  side  of  the  partition  is  a  shelf  six 
and  one-half  inches  deep  extending  from  front  to  rear.  Beneath  this 
shelf  are  four  partitions  extending  from  front  to  rear,  dividing  the  space 
Into  five  receptacles.  In  two  receptacles  are  found  zinc  trays  famished 
with  rings  and  a  rubber  sole.  Each  tray  will  hold  five  projectiles  point 
down.  Two  similar  trays  are  found  in  the  next  two  receptacles,  but 
while  these  each  contain  a  rubber  sole  the  rings  are  replaced  by  straw- 
board  cylinders.  In  the  last  receptacle  is  a  copper  box  intended  to  hold 
friction  primers. 

The  right  half  of  the  chest  has  a  shelf  9'^4  deep  and  the  space  below 
it  contains  two  trays,  one  at  the  front,  the  other  at  the  back.  The  rear 
tray,  which  is  movable,  contains  ten  straw-board  cylinders  in  two  rows 
of  five  each,  intended  to  hold  projectiles  with  their  axes  horizontal,  in- 
stead of  vertical,  as  in  the  first  instance.  The  front  tray  is  fixed  and 
holds  ten  projectiles  in  two  rows  of  five  each.  The  supports  for  the  pro- 
jectiles are  not,  as  in  the  rear  tray,  cardboard  cylinders,  but  are  formed 
by  suitably  bending  and  connecting  zinc  plates,  in  order  that  they  may 
surround  and  retain  the  projectiles.  The  weight  of  the  steel  chest,  with 
partitions  and  trays  was  316.5  pounds,  without  trays  253.5  pounds. 
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The  woodeo  chest  was  of  the  kind  nsed  for  tbe  12-poander  light  gun. 
Its  weight  with  partitions  is  185  pouods. 

The  guD  used  iu  the  experiments  was  the  0",45  coliher  10-barr«l  (bat- 
tling gun  No.  195. 

I^e  ammhnitioi)  was  the  rifle-ball  cartridges,  model  188L. 

The  experimeDts  commenced  Angnst  0, 1885.  The  steel  chest  was 
packed  with  twenty-six  3". 2  shell  containing  bursting  charges  and  base 
fnzeu,  14  case-shot  with  bursting  charges,  point  and  base  fnzes,  40  oar- 
tridges  each  containing  3.5  pounds  I.  K.  D.  powder  and  50  ft'iotion  prim- 
era.  The  chest  was  placed  at  first  1,UOO  yards  from  the  firing  point.  It 
was  struck  directly  once,  but  as  the  indentation  was  slight  it  was  brought 
to  a  distance  of  8O0  yards  from  the  gnu.  At  800  yards  there  were  three 
direct  hits  bnt  no  [ienetrations.  The  distance  was  then  diminished  to 
500  yards,  when  of  22  direct  hits  :i  only  penetrated. 

The  final  firing  was  carried  on  when  the  chest  was  placed  "400  yards 
from  the  firing  point.  Thirty-six  direct  hits  occasioned  15  penetiatiooa 
of  the  cheat,  malting  with  the  2  at  500  yardB  a  total  of  1?  as  shown  on 
the  plate  nnmbered  II. 

The  wooden  chest  was  then  packed  with  thirty  3" .2  shell,  each  con- 
taining a  bursting  charge  and  base  fuze;  ten  shrapnel  with  butsting 
charges,  point  and  base  fuzes;  tweut.y-eigbt  cartridges  each  containing 
3.5  ponnds  of  I.  K.  D.  powder,  and  fifty  friction  primers. 

At  800  yards  two  direct  hits  were  received  by  the  cbest,  one  on  a 
strap  which  was  indented,  one  on  the  side  of  tbe  chest  which  perfo- 
rated it. 

At  500  yards  of  six  direct  hits  one  penetrated  an  iron  strap,  two  pen- 
etrated the  copper  lid  cover,  and  three  penetrated  the  exposed  side. 

At  400  yards  23  direct  hits  perforated  the  chest,  two  passing  thioogh 
both  sides. 

The  total  number  of  penetrations  in  this  cbest  was  28,  and  their  lo- 
cation is  shown  ou  Plate  III. 

As  the  number  of  hits  ou  the  wooden  chest  at  tbe  800-yard  range 
was  but  two  it  was  concluded  to  repeat  tbe  firing  at  that  distance.  In 
this  series  there  were  15  hits  and  9  penetrations.  The  chest  was  empty. 
The  location  of  the  shots  in  tbe  last  series  is  shown  in  Plate  IV. 

When  the  bullets  entered  either  the  steel  or  wooden  cbest  and  struck 
cartridge-bags  the  powder  was  scattered  bnt  no  explosion  resnlted. 
When  the  brass  heads  or  point  fuzes  of  the  shrapuel  were  straok  the 
head  was  indented  and  the  fuze  was  broken,  bnt  no  explosion  ooeorred. 
Tbe  following  table  recapitulates  tbe  results  obtained: 
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As  it  was  difficult  to  strike  the  projectiles  wbcD  iu  the  chest,  six  shell 
with  base  fuzes  and  six  shrapuel  with  base  and  poipt  fuzes  were  placed 
in  an  open  case  400  yards  distant  from  the  gun.  Half  of  each  had  their 
points  and  half  their  bases  toward  the  firing  point.  The  shell  when' 
struck  on  the  head  were  uninjured,  when  struck  on  the  base  the  fuze 
was  bruised  if  struck  by  the  bullet,  but  was  in  no  case  exploded. 

When  struck  by  bullets  the  brass  heads  of  the  shrapnel  were  bruised 
and  their  point  fuzes  were  broken  but  not  exploded. 

When  the  shrapnel  were  struck  on  the  base,  one  wing  of  the  plunger 
which  actuates  the  point  fuze  was  broken,  but  the  other  wing  was  un- 
injured and  no  explosion  occurred ;  the  fuze  was  still  berviceable. 

It  may  be  said,  therefore,  that  with  field  projectiles  and  their  ammuni- 
tion packed  in  either  steel  or  wooden  ammunition  chests  there  is  at  400 
yards  and  upward  but  little  danger  ot  explosiou  when  the  chests  are 
perforated  by  ordinary  bullets.  Explosive  bullets  could  be  si)ecially 
made  for  operating  against  field  ammunition-chests,  but  would  probably 
be  of  such  a  size  and  made  from  such  material  as  would  insure  the 
penetration  of  steel  chests  at  800  yards,  unless  the  thickness  of  the 
plates  is  materially  increased,  which  would  be  impracticable. 

It  is  believed  that  shell  or  shrapuel  at  800  yards  would  destroy  a  steel 
chest  almost  as  readily  as  a  wooden  one. 

Comparing  these  chests  in  other  respects  it  appears  that  the  steel  one 
weighs  with  its  partitions  316.5  pounds,  the  wooden  one  185  pounds,  a 
difference  of  131.5  in  favor  of  wood. 

Perforations  in  the  wooden  chest  could  be  easily  repaired  and  made 
water-tight  in  the  field  j  perforations  in  the  steel  chest  could  not. 

The  cost  of  the  steel  chest,  even  when  made  iu  kirge  numbers,  would 
be  greater  than  that  of  the  wooden  chest. 

RECAPITULATION. 

(1)  If  shc»ll,  shrapnel,  or  specially  prei)ared  explosive  bullets  are  used, 
either  steol  or  wooden  chests  would  be  destroyed  at  400  j^ards. 

(2)  At  400  yards  the  wooden  chest  is  more  readily  perforated  by 
bullets  than  the  steel  oue,  but  such  perforations  are  unlikely  to  cause 
explosion. 

(3)  The  wooden  chest  is  much  lighter  than  the  steel  chest. 

(4)  The  wooden  chest  can  be  repaired  iu  the  field  more  readily. 

(5)  The  wooden  chest  is  less  expensive  than  the  steel  one. 

For  all  these  reasons  the  Board  sees  no  advantage  in  using  steel  in 
the  construction  of  field  ammunition-chests,  and  recommends  that  here- 
after they.be  made  of  wood. 

A  photograph  (Plate  V)  gives  a  more  graphic  representation  of  the 
effect  of  the  bullets  upon  the  steel  chest,  and  the  photograph,  Plate  VI, 
shows  the  effect  upon  the  cartridge-bags. 
The  firing  records  are  inclosed  herewith. 

T.  G.  BAYLOE, 
Colonel  of  Ordnance,  President  of  the  Board. 

GEO.  W.  McKBE, 

Major  of  Ordnance. 
CHARLES  SHALBR, 

Captain  of  Ordnance. 
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Beoord  of  firing  with  GaOmg  gwm  No.  195  (lO-ftorreZ)  ol 

[To  detonnlne  »t  wli*t  distances  steel  ammnnition-ohest  wonld  xesisi  the  penetrative  fbroe  of  a  500- 

tents  of  the  oheet  whoa 


• 

1 

6 
1 

Time. 

Ammimitfam- 

Wind;  strengthanddireetion. 

a 

• 

^ 

188& 

P.  H.— Barometer,  € 
ao.071  x  tbenDometer,  < 
7S.4;  hnmidity.66.      ( 

12 
100 

Ang.    6 
Ang.    6 

f 

5  From  rear  and  left,  48^ ;  i 
1     12  miles  an  honr.            i 

' 

5 

Ang.   7 

r                                                                          f 

80 

Ang.    7 

Frankford  Arsenal    500- 

Barameter,  80.089;  ther- 

5 

Ang.    7 

*    grain  bnUet                   ^ 

mometer,   60.7;    hn-< 

<  From  ftont  and  left,  87^;  I 

mldit7,7i. 

140 
5 

Ang.    7 
Ang.    7 

12  miles  an  honr.            | 

100 

Ang.    7 

[To  ascertain  eflboton  i 

irooden  ammnnition-ohest,  the 

25 

75 

Sept    2 
Sept   2 

P.  M.— Barometer, 
80.153;  thermometer,  < 
eSwO;  hnmidlty,  60. 

20 

75 
15 

Sept    2 
Sept    2 
Sept   2 

^Frankford    Arsenal    500- 
grain  bnllet 

From  roar  and  right,  43^; 
14  miles  an  honr.               % 

50 

Sept    2 

• 

4 

V 

A.  H.-Barometer,] 
80.058:  thermometer,  > 
02.1|  Anmidlty,87.     J 

1.SS0 

i 

Sept  30 

j  Frankford    Arsenal    500- 
1     grain  bnllet 

FnAf^out  and  left,  87^;! 
8  miles  an  honr.               i 
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Sandy  Hook,  N,  «/.,  from  August  6  to  October  23, 1885. 

grain  bullet,  the  following  shots  on  August  6  and  7  were  fired ;  also  to  ascertain  the  effect  on  the 
penetration  was  ohtainedlj 


Special  remarks  about  each  fire,  sooh  as  efflbct  on  piece,  sound  of  projectile  in  flight,  scattering  of 

fragments,  Ac 


Sighting  shots. 

1  direct  and  3  ricochet  hits.    None  penetrated  chest,  distant  1,000  yards  from  gon. 
Sighting  shots. 

3  direcjt  hits,  none  of  which  penetrated  chest,  distant  800  yards  flrom  gun. 
Sighting  shots. 

22  direct  hits,  2  of  which  penetrated  chest  and  2  embedded  in  chest,  distant  500  yards  ttom  gun. 

Sighting  shots. 

36  direct  hits,  1 5  of  which  penetrated  chest,  distant  400  yards  from  gun.  Two  cartridges  badly  broken 
and  powder  mealed;  11  other  cartridges  sligl&tly  ii^ured. 

The  ammunition-chest  fired  at  was  received  July  14, 1885,  from  Watervliet  Arsenal  and  made  of  ^ 
inch  steel.  The  chest  contained,  when  fired  upon,  26  3.2-inch  shells,  loaded  and  having  base  fase,  14 
case  shot,  with  bursting  charge  and  ftiae,  40  8.2-inch  cartridges  (each  containing  3|  pounds  I  K  D 
powder)  and  50  friction-primers. 

following  shots  were  fired  at  it  frt>m  OatUng  gun.]  ' 

Sighting  shots. 

2  direct  bits,  one  of  which  penetrated  ohest  snd  the  other  indented  iron  strap,  distant  800  yards  firom 

gun. 
Sighting  shots. 

6  direct  bits,  one  of  which  penetrated  iron  strap,  2  penetrated  copper  lid  cover,  and  then  penetrated 
chest,  breaking  up  one  cartridge,  distant  500  yafds  from  gun. 

Sighting  shots. 

23  direct  hits,  2  of  which  went  throng  and  through  chest— cartridges  badly  broken  up— distant  400 
yards  from  gun. 

The  chest  contained  when  fired  at  10  loaded  8.2-inch  shrapnel,  with  fuze;  30  loaded  8.2-inoh  shell, 
with  fuze  ;  28  cartridges,  each  3|  poonds  I K  D  powder,  and  90  fiiction-prim^^ 

Fired  at  wooden  box  placed  400  yards  firom  gun,  and  oontaining  6  3.2-lnch  shraonel,  with  Hotchkiss 
base  and  Frankford  Arsenal  brass-point  ftiis;  also  6  8.2-inoh  snell,  with  Hotchkiss  base  fuse.  The 
points  and  bases  of  the  shrapnel  and  shell  were  arranged  in  box  so  as  to  be  alternately  exposed  to 

the  firing. 

9331  OB 16 
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Record  of  firing  with  Gatling  gun  No,  195  (lO^harrel)  at  Sandy 


Shells  with  point  towards  gun* 


Stmck  4  times  on  or  about  head. 
Fuse  uninjured. 


Struck  4  times  on  or  sboat  head. 
Fuse  nniqjared. 


Straok  3  times  on  or  about  head. 
Fuse  uninjured. 


[To  ascertain  effact  on  wooden  ammunition-chest  the  following; 


2  ' 

«  i 

fc.  I     Tinio. 

e 

^  I 


Amronnition. 


a 

>5 


Wind ;  Strength  and  direc- 
tion. 


188o. 
?.  M.— Barometer,  29.797 ;  I    3GC     Oct.    15 

thermometer,  58 ;  humid- ' 

ity.  72.  ; 

P.  M.— Barometer,  30.092;       3C3     Oct,    23 

thermometer,  55.3;   hn-  < 

midity,  68. 


Frankford  Arsenal  500 
grain  bullet. 


From  rear  and  right  87^ ;  15 
miles  an  hour. 

From  front  and  leA4S*{  8 
miles  an  hour. 


3,721  rounds  fired  from  above  gun. 
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Sook,  X,  J.^from  August  0  to  OctoUr  23,  IS83 — Contiuued. 


Shells  with  base  to- 
wards gun. 


Straok  3  times, 
onii^ared. 


Fuze 


Shrapnel    with    base 
towards  gan. 


Shrapnel  with  point  towards  i^an. 


Strack  4  times  on  base ; 
one  wing  broken  from 

E lunger  of  point  fuze, 
ut  percussion  com- 
position nninjnred. 
Base  faze  uninjured. 


Strack  once  on  point.    Base  fuze  nnii^ared.    Point 
fuze  broken,  but  plunger  unipjured. 


Struck  4  times, 
aniivjured. 


Fuze    Stmckitimesonbase;  ;  Struck  3  times  on  point.     Rase  fuse  uninjured.    Point 


Struck  4  times.  Head 
of  ba.Hf  fuze  nliearcd 
off.  Wire  of  plun- 
ger exposed  ana  din- 
tuibed,  but  pt*rcus- 
sinn  composition  un- 
injured. 


one  wing  broken  from 

{dunger  of  point  fuze, 
mt  percuHsiou  com- 
position uninjured. 
Base  fuze  uninjured, 
but  bruised. 


Struck  4  timt^^  on  base ; 
oiM^  wiug  broken  from 
pIunjUMof  ju)int  fuze, 
l»ut  percuHHion  c«)m- 
rxinition  uninsured. 
Base  fuze  uninjured, 
but  liruised. 


fuze  broken  in  two  places  on  graduated  ring  a^ 
shown,  but  plunger  was  uniivjared. 


/if^ 


\4* 


» 


Struck  3  times  on  hea<1,  which  was  indented  as  shown. 
Point  fuze  unu^jured.    Base  faze  uninsured. 


shots  wen*  fired  at  it  from  Gstling  gun  (chest  unpacked).] 


Special  remaiks  alM>ut  eacli  tiro,  such  as  eff«>(-t  on  piece,  sonnd  of  projectile  in  flight,  scattering ot 

fra<;mentb.  Sec. 


1  direct  bit  (not  plotted).    ChoHt  dintant  800  yards  from  gun. 


15  direct  MtR,  .•>  of  which  paa»«>d  through  and  throu;;h  chest:  3  perforated  exposed  side,  5  stmok  iron 
parts  and  failwl  to  perfonite.  jiiul  I  grazed  lid  ;  1  penetrated  iron  part  to  base  of  bullet.  Chest  dis* 
tant  800  \  ard.H.  • 


ibiiiMiirillii. 


• 
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Appendix  16— 1M86, 


Appb;ndix    17. 


REPORT  UPON  THE  CONSTRUCTION  OF  EXPERIMENTAL  STEEL  S-INCH 

BREECH-LOADING  RIFLE  No,  1. 

Bt  Capt.  Rogers  Birnib,  Jr.,  Obdnanck  DEPARTMEirr. 

(7  plates.) 

Li€t  of  plates, 

I.  Oatline  and  sectional  dimensions  of  gan. 
II.  Rifling:  details  of  hoop-joints,  longitudinal  coapling-pins,  and  oatline  of 

front  of  chamber. 
III.  Sectional  and  rear  view  of  breech  mechanism. 
rv  and  V.  Details  of  parts  of  breech  mechanism. 
VI.  The  steel  forgings  and  test  specimens. 
YII.  Stages  of  assemblage. 

The  coDstractioQ  of  this  gun,  which  is  the  first  seacoast  cannon  com- 
posed wholly  of  steel  manafactared  under  the  auspices  of  the  Ordnance 
Department,  U.  S.  Army,  was  authorized  by  the  act  of  Congress  ap- 
proved March  3,  1883.  Steps  were  promptly  taken  to  carry  out  the 
provisions  of  the  act,  as  shown  in  the  Report  of  the  Chief  of  Ordnance 
for  1883,  page  5  et  seq.  On  the  3d  of  April,  1883,  a  circular  letter  stat- 
ing the  nature  and  dimensions  of  the  steel  forgings  required  was  "  dis- 
tributed to  more  than  twenty  of  the  principal  steel  works  in  the  United 
States.''  The  Chief  of  Ordnance  further  stated  in  his  report  above 
quoted,  page  10: 

The  replies  to  this  letter  were,  with  one  or  two  exceptions^  adverse  to  undertaking 
such  worky  arising,  I  prcHume,  from  want  of  skill  and  knowledge  in  the  treatment  of 
steel  for  gun  construction  and  from  the  want  of  the  requisite  plant  to  perfect  the 
forgings.  The  conclusiou  reached  was  that  the  plant  or  the  experience  in  this  coun- 
try cauDot  as  yet  produce  the  steel  forgings,  for  tube  and  jacket,  for  so  large  a  gun  as 
an  8-inch  caliber.  The  tubes  and  Jacket  required  for  the  8  and  10  inch  steelguns  have 
therefore  been  ordered  from  Sir  Joseph  Whitworth  &  Co.,  England. 

The  steel  hoops  required  for  the  banded  guns  being  of  comparatively  small  mass 
aud  readily  produced  from  an  ordinary  tire-mill,  their  manufacture  has  been  under- 
taken by  the  Midvale  Steel  Company,  of  Philadelphia.  Three  experimental  hoops 
were  ordered  from  this  company  for  test,  in  order  to  ascertain  how  nearly  they  could 
coiue  up  to  the  requirements  ot  the  Department's  circular  letter.  Two  of  these  hoops 
were  of  the  largest  size  that  will  be  required  for  the  experimental  guns,  and  one  was 
annealed  after  rolling,  while  the  other  was  oil-tempered  and  annealed.  The  third 
hoop  was  hammered  and  oil-tempered,  being  of  the  size  reciulred  for  the  smaller  hoops 
of  the  8-inch  gun,  which  are  not  sufficiently  large  to  admit  of  being  roUed  in  the  mill 
at  the  Midvale  works. 

The  results  obtained  from  the  mechanical  tests  of  these  hoops,  both  by  traction  and 
by  hooping  tests  (see  Appendices  41  and  42),  show  that  they  are  fuUy  equal  in  quality 
to  the  best  hoope  of  European  iqaQiifi^ptarer 
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The  maDufactare  of  the  steel  forgiDgs  being  well  under  way,  a  con- 
tract was  made  in  June,  1884,  with  Paulding,  Keluble  &  Co.,  for  the 
fabrication  of  the  gun  at  the  West  Point  Foundry,  Cold  Spring,  N.  Y. 
These  contractors  agreed  to  machine-finish  and  assemble  the  gun,  and 
supplied  a  few  of  the  minor  parts  of  the  breech  mechanism  Every 
stage  of  the  work  was  followed  and  inspected  by  an  oflftcer  of  the  Ord- 
nance Department  on  duty  at  the  works.  The  resident  inspector,  Lieut. 
F.  E.  Hobbs,  at  the  Midvale  Steel  Works,  lollowed  the  manufacture  of 
the  hoops  at  that  place  and  supervised  the  tests  of  the  metal  upon 
which  the  acceptances  were  based.  The  steel  forgings  for  the  tube, 
jacket,  and  trunnion  hoop,  supplied  by  Sir  Joseph  Whitworth  &  Co., 
were  also  carefully  tested  by  the  Department  before  their  acceptance. 
The  Midvale  Steel  Company  completed  their  portion  of  the  work  first, 
and  the  forgings  for  the  plain  hoops  and  breech  block  were  delivered 
from  their  work^  at  the  West  Point  Foundry  in  October,  1884.  The 
delivery  of  the  order  from  Sir  Joseph  Whitworth  &  Co.  was  completed 
in  February,  1885.  The  gun  itself  was  completed  at  the  West  Point 
Foundry  in  June,  188G.  The  data  furnished  by  the  inspection  report 
of  the  gun  rendered  at  that  tmieform  the  basis  of  this  paper.  (See  Ap- 
pendix 18,  Report  of  the  Chief  of  Ordnance,  188G.) 

Before  proceeding  to  a  description  of  the  gun  and  it«  manufacture,  I 
will  enumerate  briefly  the  careful  steps  taken  by  the  Ordnance  Depart- 
ment to  lead  up  to  the  manufacture  of  the  gun  with  the  most  complete 
knowledge  possible.  They  consisted  (1)  in  the  establishment  of  a  high 
standard  for  the  physical  qualities  of  the  steel,  (2)  in  preliminary  tests 
of  diff*erent  qualities  of  steel  to  determine  whether  it  would  be  best  to 
use  the  metal  simply  annealed  or  annealed  and  oil-tempered,  and  (3)  in 
a  preliminary  construction  of  an  actual  section  of  the  gun  over  the 
powder  chamber,  to  make  a  practical  test  of  the  qualities  of  the  metal 
used  in  the  construction  of  the  gun  and  of  the  theoretical  principles  to 
be  applied.  Meantime  the  theory  of  the  shrinkages — so  important  in 
reaching  a  conclusion  that  would  bring  about  the  development  of  a 
maximum  resistance  for  the  gun  when  fiied — was  studied  and  discussed. 
The  tests^ready  referred  to  (see  Appendices  41  and  42,  Keport  of  the 
Chief  of  Ordnance,  U.  S.  Army,  1883)  established  the  excellent  quality 
of  the  hoops  furnished  b^*  the  Midvale  Steel  Company,  and  led  to  the 
adoption  of  oil-tempered  steel.  A  study  of  the  shrinkages  to  be  applied 
in  constructing  the  experimental-chamber  section  of  the  gun  was  then 
published  in  "Notes  on  the  Construction  of  Ordnance,"  No.  31,  and  a 
i*eport  upon  the  actual  construction  of  the  section  in  the  same  series, 
No.  32.  In  applying  the  principles  of  Clavarino  in  this  practical  test 
the  results  were  so  satisfactory  that  the  Department  felt  no  further 
hesitation  about  proceeding  with  the  construction  of  the  gun  upon  the 
same  basis.  Theieon  was  based  the  study,  published  in  ''Notes  on  the 
Construction  of  Ordnance,"  No.  33,  which  had  for  its  object  the  deter- 
mination of  the  shrinkages  best  adapted  to  give  a  maximuja  resistance 
in  the  different  parts  of  the  gun.  Due  regard  was  paid  to  the  com- 
pression of  the  bore  of  the  tube  in  contiguous  sections  where,  owing  to 
changes  in  the  thickness  of  the  superincumbent  metal,  it  became  neces- 
sary, as  far  as  possible,  to  avoid  planes  of  torsional  strains.  The  con- 
clusions reached  by  this  study  were  adopted  and  followed  in  coustmct- 
ing  the  gun.* 

^  The  only  changes  of  consequence  made  after  this  time  were  the  oraiABion  of  the 
screw  coupling  between  tube  and  jacket,  and  the  substitution  tderefor  of  the  four 
coupling  pins  (sec  Plate  II) ;  also,  the  introduction  of  a  ninth  hoop  in  the  C  row,  and 
of  tne  lap  joint  in  the  same  row  at  the  junction  of  the  single  with  the  doable  row  of 
hooping  in  the  chase  of  the  gun. 
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DESCRIPTION  OF  THE  GUN. 
(Plates  I,  II,  III,  IV,  and  V.) 

The  gun  is  an  8-inch  steel  breech  loading  rifle,  of  30  calibers  length  of 
bore,  and  weighs  13  tons.  It  is  designed  to  fire  a  projectile  weighing 
285  pounds  with  a  charge  of  100  pounds  of  slow-burning  powder,  giving 
a  density  of  loading  equal  to  0.9.  The  body  is  built  up  with  ihe  several 
layers  of  cylinders  or  hoops  of  oil -tempered  gun-steel  superimposed  and 
shrunk  one  u|)on  another,  with  tensions  adapted  to  develop  in  common, 
as  nearly  as  practicable,  the  elastic  strength  of  each  row  of  metal  when 
the  gun  is  dilated  by  the  tiring.  The  effect  of  this  division  of  the  gun 
into  layers  is  to  increase  the  calculated  elastic  resistance  of  the  gun 
about  86  per  cent,  over  what  it  would  be  if  the  body  were  a  solid  .piece 
of  metal  of  a  uniform  strength  throughout  equal  to  that  of  the  present 
jacket  cylinder.  But  in  fact  the  buiidiug-up  principle  has  this  much 
more  in  its  favor,  viz,  that  the  working  of  the  metal  in  comparatively 
small  masses  renders  it  far  more  homogeneous  and  gives  it  greater 
strength. 

The  principal  parts  of  the  gun  are,  (1)  the  tube,  (2)  the  jacket,  (3)  the 
four  pins  which  couple  the  tube  and  jacket  together  longitudinally,  (4) 
the  A  row  of  twelve  hoops,  (5)  the  B  row  of  ten  hoops,  (6)  the  C  row  of 
nine  hoops,  (7)  the  D  row  of  three  hoops,  and  (8)  the  breech  mechanism, 
which  is  modeled  after  the  De  Bange  system.  The  principal  dimensions 
are  as  follows : 

1.  Diameter  of  bore  across  lands inches..  8.0 

2.  Number  of  grooves  and  lands '. ; ;.  45 

3.  Width  of  lands inches^  0.17 

4.  Width  of  grooves do..  0.:i884 

5.  Depih  of  grooves do..  0.06 

6.  Diameter  of  shot  recess do-..  8.19 

7.  Diameter  of  chamber do..  9.5 

H.  Length  of  chamber do . .  49. 75 

9.  Length  of  shot  recess  and  slope do..  4,39 

10.  Length  of  8-inch  rifled  bore do..         19L51 

11.  Volume  of  powder  chamber* cabic  inches^.     3, 107. 

12.  Total  volume  of  bore* do..   13,169. 

i:i.  Number  of  volumes  of  expansion 4.24 

14.  Thickness  tube  over  powder  chamber inches.  2.275 

15.  Thickness  of  jacket ' do..  3.975 

Ifi.  Thickness  of  A  hoops do..  2. 15 

17.  Thickness  of  B  hoops do..  2.6 

18.  Thickness  of  tube  at  front  of  hooping do..  3.  875 

VJ.  Thickness  of  tube  at  muzzle do..  2.  5 

20.  Diameter  to  bottom  of  thread  in  breech-screw do..  11.04 

•^1.  Diameter  to  top  of  thread  on  breech-block ; do..  11.0 

2*.  Height  of  screw-thread do..  0.27 

2:t.  Pitch  of  screw-thread do..  0.75 

24.  Length  of  screw-thread do..  11 

25.  Number  of  smooti  and  threaded  sectors  each 3. 

2!>.  Kxterior  diameter  of   gun  over  reinforce inches.  31.5 

27.  DiHtuuces  between  faces  of  rim  bases do..  34.0 

2*^.  Diameter  of  truuuious do..  10.0 

2D.  Length  of  unhooped  portion  of  tube  at  muzzle do..  91.09 

3H.  Total  length  of  tube do..  245.65 

31.  Length  of  jacket  shrunk  on  tube do..  87.36 

32.  Totallength  of  jacket do..  99.86 

33.  Total  length  ol  A  row,  12  hoops do..  97.0 

•  The  lirst  set  of  these  figures  gives  the  initial  volatnej  or  that  in  which  the  powder 
charge  is  confiue«l  when  the  piece  is  loaded.  The  space  (2.1  cubic  inches)  occupied 
by  the  heads  of  the  pressure  plugs  used  for  experimental  tiring  has  been  deducted. 
The  second  set  of  figures  gives  the  Jinal  volumej  or  whole  volmne^  of  bore,  incladiO||| 
the  201.75  oaoic  inches  of  groove  space, 
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34.  Total  length  of  B  row,  10  hoops do..  85.5 

35.  Total  length  of  C  row,  9  hoops do..  67.14 

36.  Totkl  length  of  D row,  Shoops -..do..  32.0 

37.  Length  of  gun,  axis  of  tmnnions  t-o  breech do..  81.96 

38.  Length  of  gun,  axis  of  trunnions  to  muzzle do..         176.25 

39.  Tot^  length  of  gnn  overall,  breet$h  closed do..        271.71 

40.  Weight  of  breech  block,  obturator,  and  lever,  complete pounds.        434.0 

41.  Weight  of  body  of  gun  without  breech  mechanism do. .  28, 930. 0 

42.  Weight  of  gun  complete do..  29,544.0 

43.  Breech  preponderance  53  inches  in  rear  of  center  of  trunnions 204. 0 

The  rifling  has  an  increasing  twist.  Beginning  with  1  turn  in  70  cali- 
bers at  the  origin,  it  increases  to  1  turn  in  25  calibers  at  16  inches  from 
the  muzzle,  and  thence  is  uniform  with  the  same  pitch  to  the  muzzle. 

The  tube  has  a  total  length  of  245.65  inches ;  its  maximum  diameter 
is  16.75  inches  plus  the  shrinkage  over  a  length  of  67.14  inches  between 
the  muzzle  end  of  the  jacket  and  the  forward  end  of  the  hooping ; 
thence,  to  the  muzzle,  the  length  is  91.09  inches,  and  the  exterior  of  the 
tube  has  a  straight  taper  which  forms  the  chase  of  the  gun.  To  the 
rear,  for  the  remaining  length,  the  tube  is  seated  in  the  jacket. 
There  are  three  shoulders  on  this  portion  of  tiie  tube,  arranged  to 
make  the  necessary-  changes  of  diameter  gradual.  The  angles  of  metal 
at  these  shoulders  are  rounded  and  filleted,  aiidin  assembling  the  tube 
and  jacket  a  clearance  was  left  at  the  two  within  the  jacket,  and  also 
at  the  breech  end  of  the  tube  to  insure  contact  at  the  shoulder  at  the 
muzzle  end  of  jacket  with  the  object  of  making  the  construction  as 
stiff  as  possible.  The  breech  end  of  the  tube  is  free,  and  ha«  to  sap- 
port  only  such  small  part  of  the  longitudinal  strain  produced  by  the 
pressure  on  the  bottom  of  the  bore  when  the  gun  is  fired  as  is  commu- 
nicated by  the  friction  of  the  gas-check  pad  and  the  friction  due  to  the 
stretch  of  the  jacket  on  the  exterior  of  the  tube.  The  tube — of  all  the 
cylinders  in  the  system — is  subjected  to  the  most  severe  tangential 
strain,  and  it  is  of  great  importance  to  relieve  it  from  this  longitudinal 
strain.  The  open  end  of  the  breech  is  flared  with  a  straight  taper  to 
form  a  seat  for  the  gas-check  and  to  facilitate  its  withdrawal.  The 
straight  portion  of  the  chamber  (39.15  inches)  is  connected  with  the 
sloi>e  at  its  front  by  rounded  augles,  and  the  front  of  the  slope  is  joined 
in  the  same  waj'  with  the  shot  recess  to  reduce  scoring  from  the  gases. 
The  length  of  the  shot-recess  is  jsuch  that  the  base  of  the  projectile  in 
place  projects  0.25  of  an  inch  within  the  slope  of  the  chamber.  The 
rifling  grooves  are  filleted  with  circles  of  O.OS  of  an  inch  radius  and  the 
edges  of  the  lands  are  parallel. 

The  jacket,  99.86  inches  in  length,  is  about  3  inches  shorter  than  the 
design  of  the  gun  called  for.  Over  the  greater  portion  the  exterior 
diameter  is  22  inches  plus  the  shrinkage,  but  a  shoulder,  3  inches  wide 
and  OJj  of  an  inch  high,  is  found  near  its  forward  end  to  receive,  through 
the  intermeiliate  hoop  A,  the  forward  thrust  of  the  trunnion-hoop  due 
to  the  discharge,  and  thus  prevent  the  trunnion-hoo]>  from  starting  for- 
ward; hence  the  jacket,  which  also  carries  the  breech-block,  has  mainly 
to  support  the  longitudinal  strain  on  the  gun.  The  muzzle  ^end  in 
front  of  this  shoulder  is  considerably  reduced  in  thickness  to  receive 
the  binding  ettect  of  the  hoop  D  and  the  overlap  of  A,  and  thus  stitfen 
the  gun.  The  jacket  projects  12.5  inches  in  rear  of  the  tube  and  is 
there  bored  out  and  threaded  to  receive  the  breech-block.  The  threaded 
IH>rtion  of  this  bore  is  11  inches  in  length,  leaving  a  blank  space  of  1.6 
inches  next  the  base  of  the  tube  to  relieve  the  conjunction  of  the  tor- 
sional with  the  longitudinal  strain  at  the  first  thread  of  the  screw,  where 
the  latter  strain  is  especially  severe.    The  two  shoulders  in  the  jacket| 
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at  and  near  the  breech  end  of  the  tabe,  caase  a  gradual  redaction  in  the 
thickness  of  the  wall  and  give  no  special  angle  of  weakness.  Assuming, 
however,  that  if  rupture  took  place  at  all  it  would  occur  near  the  bot- 
tom of  the  first  shoulder  from  the  breech,  we  have  there  a  fillet  with  a 
radius  of  0.6  of  an  inch,  and  the  thickness  of  the  wall  of  the  jacket  is 
4.475  inches.  At  the  second  shoulder  the  wall  is  reduced  to  its  uniform 
minimum  thickness  of  3.975  inches,  the  cross-sectional  area  of  metal  is 
there  equal  to  225.1  square  inches,  and  even  with  a  pressure  of  45,000 
pounds  (about  20  tons)  per  square  inch  on  the  head  of  the  block  the 
strain  per  unit  of  area  on  the  cross-section  would  be  only  14,10  >  pounds 
per  square  inch,  whilst  the  elastic  limit  of  the  jacket  metal,  determined 
by  tests  of  specimens  taken  longitudinally  from  the  breech  end,  is  50,000 
pounds  per  square  inch  nearly. 

The  pins, — The  details  of  the  longitudinal  coupling  pins  are  shown  in 
Fig.  5,  Plate  II.  Each  pin  is  driven  into  its  seat  with  a  close  air-tight 
fit  and  is  secured  in  place  by  a  screw-cap  1.0  inch  thick,  to  counteract 
any  tendency  to  work  outward.  The  pins  pass  through  the  wall  of  the 
jacket  and  into  the  wall  of  the  tube  0.375  of  an  inch.  The  combined 
area  of  the  four  pins  to  resist  shearing,  in  case  the  tube  should  slip 
forward  in  the  jacket,  is  12.57  square  inches,  and  as  the  pins  may  be  re- 
lied upon  to  ofler  a  resistance  of  90,000  pounds  per  square  inch  to  shear- 
ing, the  aggregate  resistance  becomes  1,131,300  pounds,  which  is  more 
than  one-third  of  the  aggregate  pressure  (3,189,700  pounds)  that  the 
assumed  pressure  of  45,000  pounds  per  square  inch  in  the  chamber  would 
produce  on  the  bottom  of  the  bore.  The  object  of  inserting  these  pins 
was  simply  to  counteract  the  first  tendency  of  the  tube  to  slip,  but  they 
afford,  per  se^  sufficient  strength  to  materially  assist  in  maintaining  the 
tube  in  position.  The  four  pins  are  in  the  same  cross-section  of  the 
jacket  wall,  and  the  area  of  metal  cut  away  for  their  insertion,  in  a  sec- 
tion embracing  the  width  of  the  pins,  is  about  11.6  per  cent,  of  the  whole 
area  of  the  jacket  in  the  same  section.  The  holes  were  bored  after  the 
jacket  was  shrunk  on  the  tube.  The  bore  of  the  tube  was  carefully 
measured  before  and  after  the  boring,  and  no  appreciable  relaxation  of 
the  compression  was  found  consequent  upon  the  boring.  The  probable 
explanation  of  this  is  that  the  tangential  tension  of  the  jacket  being  com- 
])aratively  light,  and  the  holes  being  placed  at  a  distance  from  the  muz- 
zle end,  the  removal  of  11.6  per  cent,  of  the  metal  in  a  2-inch  band  was 
not  appreciable.  It  is  considered  that  the  insertion  of  the  pins  has  not 
appreciably  lessened  the  tangential  strength  of  the  gun  in  their  vicinity. 

The  main  reliance  to  prevent  such  slipping  of  the  tube  is  the  friction 
between  the  tube  and  jacket.  The  area  of  the  surface  of  contact  be- 
tween these  two  pieces,  where  the  jacket  is  shrunk  upon  the  tube,  is 
3,816  square  inches.  From  careful  computation,  verified  by  experiment, 
the  aggregate  normal  pressure  over  this  contact  surface  is  62,785,000 
pounds,  nearly,  at  the  minimum  stage,  that  is,  when  the  system  is  at 
rest,  if  we  take  only  10  per  cent,  of  this  to  represent  the  resistance 
due  to  the  friction,*  we  would  have  a  force  of  over  6,000,000  pounds  to 
resist  slipping  of  the  tube.  With  45,000  pouuds  per  square  inch  press- 
ure on  the  bottom  of  the  bore  the  aggregate  would  ba  3,189,700  pounds, 
and  if  the  combined  ett'ect  of  the  inertia  of  the  tube  with  its  superin- 
cumbent weight  forward  of  the  jacket,  the  forward  pressure  and  friction 
of  the  gases,  and  of  the  shot  were  to  proiluce  a  forward  pull  on  the  tube 
to  the  same  amount,  the  resistance  offered  by  the  friction  would  still  l)e 

•  Recent  experiment  has  shown  that  15  j^er  cent,  wonld  be  somewhat  below  the  tnj© 
yalae  of  this  mctor  in  the  case  under  consideration, 
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nearly  doable  the  effort  tending  to  slide  the  tube.  When  the  gnn  is 
fired  the  pressure  at  this  contact  surface  becomes  at  least  doubled,  but 
the  uncertain  nature  of  friction  in  the  presence  of  vibrations  in  the 
metals  makes  it  desirable  to  introduce  a  positive  means  of  connection, 
which  the  pins  afford. 

The  hooping. — The  A  and  B  rows  form  the  double  layer  of  hooping 
over  the  reinforce  of  the  gun,  the  latter  being  outside.  The  hoops  in 
each  row  abut  end  to  end,  and  form  a  straight  cylindrical  interior  sur- 
face, except  the  forward  hooj)  of  the  inner  row,  hoop  A|,  which  is  conn- 
terbored  to  give  a  shoulder  to  bear  against  the  one  on  the  jacket.  The 
principal  use  of  the  hoo])ing  is  to  give  tangential  strength  to  the  gun, 
but  the  joints  are  broken  to  give  longitudinal  i  tiffness,  and  also  to  dis- 
tribute and  equalize  the  tangential  resistance.  The  couuterbore  of  the 
hoop  Ai  extends  over  the  shoulder  of  the  jacket  and  laps  -.5  inches  on 
the  hoop  D|,  covering  also  the  joint  between  the  rear  face  of  the  D  hoop 
and  the  front  face  of  the  jacket  shoulder.  The  trunnion  hoop,  Bi,  is 
made  heavy  enough  to  support  the  weight  of  the  gun;  this  hoop  is  as- 
sembled under  shrinkage  in  common  with  the  rest  of  the  row  and  has 
to  afford  a  share  in  the  tangential  resistance;  it  is  effectually  prevented 
from  strip]>ing  forwartl  as  before  mentioned.  At  the  rear,  the  A  row 
extends  flush  with  the  face  ot  the  jacket  and  the  B  row  is  foreshortened 
3.5  inches ;  the  extremity  of  each  is  rounded  to  a  curve  formed  by  tan- 
gent circles.  The  lim  bases  of  the  trunnions  are  filleted  to  a  circular 
form  like  the  cast-iron  guns  in  service.  The  exterior  of  the  hoop  Aj 
forms  the  first  frustum  ot  the  chase  in  front  of  the  trunnions. 

The  C  and  D  rows  of  hoops  cover  the  remainder  of  the  hooped  portion 
of  the  chase.  The  interior  of  each  row  forms  a  continuous,  straight 
cylindrical  surface.  In  order  to  break  the  joint  at  the  front  end  of  the 
D  row,  where  the  double  hooi)ingends,  the  hoop  C4  is  conn  terbored  and 
laps  2.5  inches  over  the  reduced  exterior  of  the  adjoining  C  hoop.  The 
shortness  of  the  hoo])  Ci  arises  from  the  necessity  of  inserting  this  length 
of  hoop  to  make  up  for  the  deficiency  in  the  length  of  the  jacket.  The 
D  row,  at  the  fiont,  abuts  against  a  shoulder  formed  by  the  iucreaseil 
thickness  of  the  ( )  hoop  which  is  at  the  base  of  the  single  row  of  hoop- 
ing. The  hoop  Di  presses  upon  the  caps  of  the  coupling  pins,  for  which 
purpose  the  shrinkage  surface  adjoining  those  pins,  including  to  tops 
of  the  caps,  was  not  finished  until  after  the  caps  were  inserted.  The 
exterioi*s  of  the  D  row  and  of  the  (J  row  in  the  single  hooping  are  frus- 
iruras  of  right  cones  rounded  only  towards  the  front.  These  exteriors 
form  respectively  the  second  and  third  irustums  of  the  chase  of  the 
gun,  whilst  in  the  fourth  or  muzzle  frustum  the  tube  stands  alone.  The 
hoops  genei-ally  in  this  gun  are  shorter  than  those  which  will  be  used 
in  future  constructions  when  increased  facilities  for  manufacture  shall 
be  available.  It  was  necessary  in  this  case  to  use  a  tire  rolling  mill, 
and  the  hoops  were  ma<le  as  wide  (long)  as  the  machinery  would  admit. 

The  breech  mechanism  is  shown  in  detail  in  the  drawings — (Plates 
III,  IV  and  V) — except  the  gas-check  pad,  which  was  left* to  be  made 
and  fitted  at  the  Proving  Ground.  Leaving  out  the  pad,  the  four  prin- 
cipal movable  parts  of  the  breech  mechanism  are:  (1)  the  breech-block, 
(2)  the  spindle,  of  which  the  mushroom-shaped  obturator  head  forms 
part,  (3)  the  lever,  and  (4)  the  console  or  swinging  tray  with  its  append- 
ages movable  and  fixed.  The  i>arts  fixe<l  to  the  gun  are :  the  hanger,  the 
stop  stud,  and  the  lever-head  recess.  All  the  parts  are  made  of  forged 
and  tempered  steel,  except  as  follows:  the  washer  under  spindle  nuts, 
of  copperj  the  hanger,  of  a  very  clean  and  fine  quality  of  wrought  iron  • 
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and  tho  tray  proper,  of  a  compositiou  casting  contaiDiDg  55  parts  of 
copper,  44.5  of  zinc,  and  0.5  of  tin.* 

The  breech-block  is  threaded,  and  three  sectors  of  the  thread  are 
removed  to  correspond  to  the  thread  and  sectors  of  the  screw  in  the 
jacket.  When  slid  in  or  out  the  thread  sectors  of  the  block  pass 
through  the  smooth  sectors  of  the  jacket,  and  the  rear  thread  on  the 
block  is  left  full  to  arrest  the  block  at  the  proper  i)oint  of  insertion 
where  the  threads  are  in  position  to  engage,  and  one  sixth  of  a  turn  to 
the  right  fuUj^  engages  them.  In  this  operation  the  block  is  carried 
forward  0.125  of  an  inch  and  the  gas  check  pad  is  forced  into  place. 
The  clearances  of  the  threads  and  over  the  smooth  sectors  of  the  block 
and  jacket,  made  to  give  a  free  and  easy  movement,  are  all  shown  in 
detail  upon  the  drawing.  Plates  III  and  IV.  The  handles  are  in  one 
piece  with  the  block,  being  cut  and  shaped  from  the  solid  metal. 

The  spindle,  perforated  by  the  axial  vent,  passes  through  the  center 
of  the  block,  which  is  fine-bored  to  receive  it.  The  forward  end  of  the 
vent  is  bushed  with  copper,  and  the  diameter  of  the  vent  through  the 
copper  is  0.1  of  an  inch,  whilst  for  the  remaindeV  it  is  0.2  of  an  inch. 
Two  adjustable  nuts  and  a  copper  washer  are  placed  upon  the  spindle 
and  covered  in  a  space  counterbored  in  the  rear  of  the  block.  The 
position  of  these  nuts  is  regulated  by  the  thickness  of  the  gas-check 
pad,  and  they  have  reverse  threads  to  cause  a  lock  and  hold  them  in 
])08ition.t  The  mushroom-shaped  head  of  the  spindle  covers  the  gas- 
check  pad  and  in  the  discharge  presses  upon  the  pad  and  forces  it  out 
laterally  to  check  the  escape  of  gas.  As  first  made  the  rear  of  the  vent 
was  left  plain  to  use  the  ordinary  primer,  but  this  will  be'  changed, 
after  some  preliminary  firings  have  been  had,  to  use  an  obturating 
primer. 

The  lever  is  pivoted  and  supported  between  the  handles  of  the  block 
by  a  bolt  which  passes  through  them  and  around  which  the  lever  re- 
volves. The  lever  has  three  functions,  viz:  when  the  handle  is  upright 
it  serves  to  revolve  the  block,  either  in  the  motion  of  locking  or  un- 
locking; again,  when  the  block  is  turned  to  the  locked  position  the 
eccentric  of  the  lever  is  turned  down  and  revolves  into  the  recess  cut 
in  the  breech  of  the  gun,  thus  preventing  the  accidental  unlocking  of 
the  block;  and  finally,  in  unlocking  when  the  block  is  turned  back 
ready  to  be  withdrawn,  a  downward  motion  of  the  lever  causes  its  ec- 
centric to  press  against  the  flat  surface  of  the  breech  and  aflbrds  great 
power  to  start  the  block  out.  When  the  block  is  out  the  lever  hangs 
freely  downwards,  and.  when  the  block  is  locked  the  lever  is  closed  on 
the  breech,  as  shown  in  Fig.  1,  Plate  III,  with  the  handle  engaged  in 
the  catch-spring  attached  to  the  tray. 

When  the  block  is  withdrawn  for  loading  it  rests  upon  the  console 
and  is  otherwise  wholly  detached  from  the  gun.  The  use  of  the  console 
is  to  provide  a  suitable  support  for  the  block  to  enable  it  to  be  swung 
to  one  side  (the  right)  and  clear  the  breech  for  the  insertion  of  the  pro- 
jectile and  powder  charge.  The  console  is  attached  to  the  breech  face 
of  the  gun  by  means  of  the  hanger,  which  is  dovetailed  and  bolted  to 
the  breech  and  the  staunch  hinge-bolt  which  passes  through  the  hub 

*Tbe  tests  of  a  bar  of  metal  3.0  inches  between  gauge  marks  and  0.564  of  an  inch 
in  diameter,  cat  from  this  casting,  gave  the  following  resnlts,  viz:  Elastic  hmit 
17,000,  and  ultimate  resistance  63,(KK)  poands  per  square  inch  ;  relative  elongation  at 
elastic  limit,  0.1467,  and  after  rupture,  19.0  per  cent. ;  reduction  of  area  after  rupture, 
*2 1.4  percent. 

t  This  arrangement  is  only  provisional,  and  will  be  subject  to  modification  after 
the  gun  has  been  fired  experimentally, 


236  REPORT  OF  THEf  CHIEF  OF  ORDNi^NCE. 

and  is  held  by  a  set-screw.  In  the  swinging  movement,  then,  the  bolt 
revolves  with  the  consoles  in  its  bearings  through  the  ears  or  lugs  of 
the  hanger.  The  npper  snrface  of  the  console  is  accurately  dished  to 
the  diameter  of  the  rear  portion  of  the  block  recess,  and  sits  flush  with 
it,  so  as  to  support  the  block  during  the  withdrawal.  On  this  upper  sur- 
face also  there  are  two  guide-rails  of  a  clutch  form  upon  which  the  block 
engages  through  two  lougitudiual  grooves  of  corresponding  form.  The 
motion  of  the  block  over  the  console  is  arrested  when  the  ends  of  these 
grooves  strike  against  the  forward  ends  of  the  rails,  but  the  momentum 
communicated  by  the  shock  causes  the  latch  of  the  console  to  be  re- 
leased below,  and  the  withdrawal  of  the  block  and  swinging  it  clear 
becomes  practically  one  continuous  motion.  The  latch  which  serves  to 
hold  the  console  in  position  to  withdraw  or  insert  the  block  is  seajte<l 
in  a  recess  on  the  under  side.  As  shown  in  the  drawing,  Fig.  2,  Plato 
III,  it  is  in  this  position  engaged  in  the  catch-bolt  which  is  screwed 
into  the  breech  of  the  gun,  and  is  held  there  by  the  latch-spring.  The 
latch  revolves  about  the  bolt  near  its  center,  which  passes  through 
flanges  of  the  console.  When  released  from  the  catch-bolt,  t.  e.y  when 
partly  swung  around,  the  upper  beak  is  thrown  upward  by  the  action 
of  the  spring  and  engages  in  the  recess  shown  in  the  block  and  prevents 
tbe  block  from  slipping  forward  whilst  resting  on  the  console.  The 
spring  which  engages  the  shank  of  the  lever  when  the  block  is  locked 
is  screwed  fast  to  the  console  (see  Fig.  1,  Plate  III).  For  inserting  the 
charge  a  loading-tray  is  used.  It  is  not  shown  in  the  drawings,  but  is 
a  segment  of  a  cylinder  made  of  copper,  which  is  fitted  in  the  breech 
recess  to  cover  the  threails  and  form  a  smooth  passage-way  from  the 
breech  into  the  chamber.* 


*The  following  is  aa  interesting  discassion  of  the  theory  of  the  latch: 

THEORY  OF  THE  LATCH. 

rXranslfttion  by  Lient  D.  A.  Howard,  U.  S.  Ordnance  Department,  pp.  4(KM«4  "TraiU  dt  htUit- 
Hque  rationneUe,''  par  J.  BaiUt,  heut,  ds  vatueau,    .Paris,  1883.] 

The  console  is  held  in  contact  with  the  breech  face  of  the  gun  by  a  latch  (loquet), 
which  is  shown  in  profile,  Fig.  76. 


^^S^^^NX>^XNVV^>ipv^^^^^^ 


1*1^.  76. 


When  the  breech-block  is  drawn  to  the  rear,  in  the  direction  of  the  arrow,  it  abuts 
against  the  stops  arranged  on  tbe  clutches  (rails)  of  the  console.  The  quantity  of 
motion  Impressed  upon  the  block  is  then  transmitted  to  the  console  and  consequently 
to  the  axis  of  rotation,  O,  of  the  latch,  since  this  axis  forms  part  of  the  console.  Th^ 
beak  of  the  latch  ah^  pressed  against  the  face  of  the  catch  M,  rises,  sliding  on  thin 
face,  until  it  becomes  disengaged,  notwithstanding  the  resistance  of  the  spring  R. 

To  elucidate  the  theory  of  this  apparatus,  let  us  suppose  it  reduced  to  its  geomet 
rical  elements,  which  are :  The  center  of  rotation  O,  the  arm  Oa,  and  the  surface  of 
contact,  ah.    The  face,  a6,  which  is  vertical  when  at  rest,  becomes  more  and  morti 
inclined  as  the  beak  rises  and  the  angle  AOa  diminishes.    At  first,  the  whole  fac<', 
^^  19  ii^  coqti^ct ;  thei^  tl^e  coi^t^ct  is  chi^nged  to  ^  horizontal  li^e  of  t})^  face  only  \ 
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The  operation  of  the  breech-mechanism  is  as  follows :  Supposing  the 
block  locked,  as  shown  in  Fig.  1,  Plate  III,  to  withdraw  the  block  and 
make  ready  for  loading,  (1)  seize  the  lever  by  the  handle  and  revolve 
it  upward  through  an  arc  of  180  degrees,  (2)  use  the  lever  in  the  new 
position  to  revolve  the  block  one-sixth  of  a  turn  or  until  the  head  of  its 
pivot-bolt  strikes  the  stop-stud,  (3)  press,  the  lever  downward  to  start 
the  block  to  the  rear  and  lower  the  handle  until  it  rests  upon  the  rear 
edge  of  the  console,  (4)  grasp  the  handles  and  withdraw  the  block,  ex- 
erting enough  force  towards  the  end  of  the  slide  to  give  a  quick  and 
decided  motion,  the  effect  of  which  will  be  to  start  the  console  and  re- 
lease the  latch,  then  a  continuation  of  the  motion  will  swing  the  console 
with  the  block  to  the  position  for  loading.  After  the  projectile  and 
powder  charge  have  been  inserted  and  the  loading-tray  withdrawn,  to 
lock  the  block,  (1)  grasp  the  handles  of  the  block  and  swing  the  console 
back  to  position,  when  the  latch  will  fasten  itself,  (2)  raise  the  lever  to 
an  upright  position  and  let  an  assistant  hold  it  there  and  then  slide  the 
block  forward  until  it  is  stopped  by  the  full  thread  at  the  rear  coming 
to  its  bearing,  (3)  use  the  lever  to  revolve  the  block  one-sixth  of  a  turn, 
or  until  the  ear  of  the  handle  strikes  against  the  bevel  on  the  upper  lug 

however,  the  pressure  and  friction  will  remain  unaffected  by  the  extent  of  surface 
pressed. 
At  any  instant,  then,  of  the  period  of  unlatching,  we  have  (Fig.  77)  Oa,  the  arm 


rif'77. 


of  the  latch ;  a5,  the  beak ;  (j,  the  angle  of  construction ;  Oa5,  d,  the  anele  that  the 
arm  Oa  makes  at  the  given  instant  with  the  horizontal  line  OH,  which  represents 
the  direction  of  the  force  of  traction. 

Without  changing  the  conditions  of  the  problem,  we  can  suppose  the  point  O  to  be 
fixed,  and  that  the  catch  aM  is  moved  horizontally  to  meet  the  face  ah.  Let  a  be 
the  projection  of  the  horizontal  line  of  contact  andaA=F  the  force  developed,  which 
we  will  resolve  into  the  components  aB  and  aE.  This  last  component,  tangential  to 
ah^  is  without  effect.  The  normal  component  aB  furnishes  two  others,  one,  aD,  in  the 
prolongation  of  Oa,  which  is  opposed  by  the  direct  resistance  of  the  pivot ;  the  other, 
aC,  is  perpendicular  to  the  arm  of  the  latch,  and  its  intensity  determines  the  instanta- 
neous rotation  of  the  beak  around  the  point  O,  and  consequently  the  progessiye  lib- 
eration of  the  latch,  we  have 

aC=aB  sin  ((»-90O) 
aB=  F  cos  BaA 
angle  BaA=6aM=6aM=(»— 90o— 0 


then 


aC=F  sin  (oo— 90°)  cos  (a>— 90°— ^) 


and  the  moment  with  respect  to  the  axis  of  rotation  is  obtained  by  multiplying  this 
force  into  is  lever  arm  Oa=Z. 

We  pass  now  to  the  moments  which  are  opposed  to  rotation.    The  friction  devel- 
oped by  the  pressure  of  the  normal  foroe  aB  on  the  beak  is  measured  by 

aBx/=/  F  cos  (aj-90O— 6) 

this  friction  which  we  represent  by  the  line  at  a\  is  resolved  into  aK  and  aL.    The 
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of  the  hanger,  (4)  revolve  the  lever  downwards  until  the  shank  is  en- 
gaged in  the  catch-spring.  The  closing  of  the  breech  mechanism  will 
be  facilitated  by  slightly  depressing  the  muzzle  of  the  gun. 

The  carriage  intended  to  be  used  in  the  experimental  firings  with 
this  gun  is  a  10-inch  proof  carriage  recently  constructed  after  the  de- 
signs of  the  Department,  under  contract,  at  the  West  Point  Foundry. 
It  is  fully  described  in  a  report  rendered  by  Lieut.  D.  A.  Howard,  Vp- 
pendix  20,  Report  of  the  Chief  of  Ordnance,  United  States  Army,  1886. 
This  carriage  is  adapted  to  the  8-inch  gun  by  the  insertion  of  two  steel 
trunnion  rings,  or  bushings,  which  rest  in  the  trunnion  beds  and  are 
bolted  to  the  cheeks  of  the  carriage  and  supported  below  by  braces 
similarly  attached. 

THE    ELASTIC   STRENGTH,    SHRINKAGES,   AND    COMPRESSION   OF   THE 

BORE. 

The  following  table  gives  a  summary  of  the  results  obtained  from 
tests  of  bars  of  metal  taken  from  the  principal  forgings  used  in  the 
gun: 

first  is  destroyed  by  the  fixed  pivot,  the  second  is  directly  contrary  to  the  lorce  aC  : 
aL=aI  cos  ((»— 90O)=/F  cos  (g>— 90°)  cos  (w— 9(P  —  0)  :  he  lever  arm  is  still  Oa. 

Finally,  calling  P  the  weight  which  suspended  at  the  point  of  pressure  of  the 
spring  would  prodace  exactly  the  same  effect  and  h  the  horizontal  distauce  from  the 
axis  0  to  this  point  of  suspension  the  resisting  moment  of  the  spring  will  he  P  X  6. 

Let  us  place : 

a=  skiignlar  velocity  of  rotation  of  the  latch. 

m  =  mass  of  latch. 

p  =  radius  of  gyration  with  respect  to  the  point  O.  We  will  have  for  the  equation 
of  the  motion 

dfl:_.aCx  l—al^Xl--^  Xb 
dt  m  p« 

_Fco6(c«}  — 90O  — (^)  [sin  (oj  — 90Q)~/cos  (c«3~90Q)]  —  P& 

The  angle  $  continually  diminishes  as  the  latch  is  being  liberated,  then,  if  the  motion 
can  be  started  its  continuation  will  be  assured.  Now,  at  starting  off"  we  have  6  = 
a> —  90^,  and  the  corresponding  angular  acceleration  is 

d fl:_F  [sin  (o?  —  QQQ)  —/cos  (o?  — QQQ) J—  P  b 

dt  m  p% 

which  should  be  positive  in  order  that  the  rotation  may  begin. 

It  is  evidently  necessary  to  have  sin  (qj  —  DOO)  —/cos  (a?  —  9(P)>  O,  whence  tang 
((»— 90Q)>/.  Let  us  make/=0.115  the  coefficient  of  friction  of  iron  upon  iron  we 
wiU  have  (co— 90<=>)>9o,  consequently  if  a)  is  less  than  99°  the  latch  will  not  lift  up 
however  great  may  be  the  force  of  traction  and  though  the  sprinci;  be  set  aside. 

On  the  other  hand  if  a>  is  greater  than  this  limiting  value  the  liberation  will  always 
be  obtained,  whatever  may  be  the  power  of  the  spring,  on  applying  sufficient  force, 
and  if  the  spring  did  not  exist  the  slightest  force  would  suffice  to  cause  the  motion. 

At  setting  off"  the  face,  ab  being  vertical  the  angle  HO  a  should,  from  what  has  just 
been  said,  be  greater  than  9^. 

In  the  reverse  operation,  which  consists  in  returning  the  breech-screw  to  its  pos  tiou 
of  obturation,  the  exterior  curve  of  the  stud  pushed  from  right  to  left  strikes  the  in- 
clined plane  cd,  ascends  sliding  along  this  plane,  and  after  having  cleared  the  upper 
edge  falls  again  to  its  position  of  rest. 

It  is  in  order  to  assure  this  fall,  which  would  be  opposed  by  the  friction  of  the  pivot 
O,  that  the  spring  R  is  inserted.  If  the  power  of  the  spring  required  for  the  security 
of  the  operation  involves  by  way  of  compensation  a  too  considerable  increase  of  the 
force  F  it  is  easy  to  remedy  this  inconvenieuce  by  opening  still  more  the  angle  oo — 90^ ; 

it  is  easy  to  see,  indeed,  that  the  acceleration  ^^is  nearly  directly  proportional  to  this 

angle,  since,  at  the  beginning  of  the  movement,  the  angle  oo — 90^  being  qait«  small 
the  cosine  varies  very  little,  while  the  sine  increases  almost  proportionally  with  the 
arc. 
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From  theresalts  of  these  tests  the  values  given  in  the  following  table 
were  selected  to  represent  the  safe  elastic  working  limits  of  the  metals 
in  the  structare  ^  that  is  to  say,  the  limits  to  which  the  metals  might 
be  allowed  to  work  in  the  most  severely  strained  state  to  which  the 
cylinders  would  be  subjected  individaally  or  collectively,  either  with 
the  system  at  rest  or  in  action.  The  moduli  of  elasticity  are  assumed 
to  be  constant  up  to  the  points  of  strain  indicated : 

Table  II. 


Cylinders  of  the  gnn. 


Tabe 

Jacket 

Hammered  hoops : 

Used  as  ander  row  in  doable  hooping 
Used  as  single  row  oatside  over  tabe 
Used  as  outer  row  in  doable  hooping. 

Soiled  hoops: 

Used  as  onder  row  in  doable  hooping 
Used  as  outer  row  in  doable  hooping. 
Special  for  hoop  A,  outer  row 

Tnumion  hoop 


Elastic  limit  aoad 
per  square  inch). 

Pound*. 
49,600 
44,800 

Tont. 
22.148 
20.0 

62,640 
51,520 
48,832 

23.6 
23.0 
2L8 

54.390 
50,000 
61,520 
85.840 

24.28 
22.  »2 
23.0 
16.0 

Elastic  dis- 
placement. 


ThotuandthM. 
L6 
L445 

L645 
L610 
L626 

L7 
L5625 
L61 
L493 


Modulus  of  elas- 
ticity (loftd  per 
square  inch). 


Pounds. 
31, 101, 600 
81, 101, 600 

82,000,064 
82,000,064 
32.000,064 

32,000.064 
82,000,064 
32,000,064 
24,000,000 


Ton*, 
13,840 
13,840 

14,286 
14.286 
14.286 

14,286 
14,286 
14,286 
10,714 


The  values  selected  for  the  tube  approach  more  nearly  the  physical 
characteristics  of  the  muzzle  end.  They  were  used  principally  because 
the  shrinkages  for  the  gun  had  already  been  computed  for  a  different 
tube  having  the  qualities  named,  but  it  was  believed  that  the  qualitieB 
shown  by  the  tests  from  the  muzzle  end  warranted  their  use  wit^  this 
tube,  and  the  successive  compressions  of  the  bore  of  the  gun  measured 
during  its  manufacture,  by  their  agreement  with  the  anticipated  (the- 
oretical) values,  indicate  the  approximate  correctness  of  the  assumption 
made. 

For  the  jacket  and  the  plain  hoops  the  values  are  well  within  the 
limits  determined  by  the  free  tests  (see  Table  I).  The  values  for  those 
hoops  which  were  used  in  the  outer  rows  are  reduced  still  more,  inas- 
much as  these  cylinders  have  no  exterior  support  in  the  structure,  and 
it  is  considered  desirable  to  place  their  working 'limits  at  lea^t  10  per 
cent,  below  the  elastic  limits  determined  by  the  free  tests  of  the  metals. 

Tests  of  the  metal  of  the  trunnion  hoop  made  by  the  manufacturer 
gave  much  better  results  than  those  recorded  in  Table  I,  but  the  tests 
therein  recorded  were  used  to  guide  in  the  work,  and,  in  addition,  this 
hoop  was  assembled  with  a  shrinkage  somewhat  lighter  than  the  com- 
puted shrinkage. 

Beference  has  already  been  made  to  the  published  account  of  the 
computations  for  the  shrinkages  of  the  gun  based  on  the  previously 
recorded  tests.  See  «*  Notes  on  the  Construction  of  Ordnance,'^  No.  33. 
We  will,  therefore,  review  the  matter  here  only  so  far  as  is  necessary 
to  give  in  this  connection  the  salient  points  regarding  the  elastic 
strength  of  the  gun — especially  the  tangential  resistance— together  with 
a  comparison  of  the  actual  with  the  computed  shrinkages  and  of  the 
actual  with  the  anticipated  compression  of  the  bore  in  the  completed 
gun.*  The  comparisons  will  be  useful  in  substantiating  the  correct- 
ness of  the  theories  upon  which  the  computations  are  based,  and  also 
for  reference  in  future  constructions. 

*For  the  partial  oompressions  of  bore,  measnred  daring  the  several  stages  of  tba 
mtnii&otiire,  Me  Addenda  III|  Appendix  18,  Report  of  the  Chief  of  Ordnance,  1889, 
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The  results  arc  given  in  the  following  tiible,  in  whieh  the  computed 
data,  that  is,  the  values  given  in  the  lirst  halt  are  taken  from  the  table 
on  pages  26  and  27,  '*  Notes  on  the  Construction  of  Ordnance,''  No.  33. 
The  computations  were  made  and  the  comparison  of  results  is  given 
for  twelve  sections  through  the  hooped  portion  of  the  gun  as  desig- 
nated: 

Table  III. — Elastic  tangential  resistance  of  tjun,  shrinkayes  and  compression  of  bore. 


Sections  of  the 
gun. 


Breech: 

Sinsle  hooping. 
Donble  hooping. 

Breech  of  tube 

Powder  chamber  . . 

Between  chamber 
and  trunnion 
houp 

Ti-unuion  hoop  — 

IJaae  of  hoop  A 

Shoulder  uf  jacket 
(withiu  front 
edge) 

Forward  end  of 
jacket  (within 
face) 

Middle  of  D  row 
of  hoops 

Base  of  0  row  (sin- 
gle hooping) 

Hoop  Cs  (end  of 
cone) 


Computed  values. 


Elastic 
tangen- 
tial le- 
sistance 
(press- 
ure per 
square 
inch), 
Po 


Sbrinka;;es. 


CompreBsion  of  bore. 


Tons. 


24.76 
24. 774 


24.87 
24.55 
23.  00 


22.'72 

2L563 
20.775 
17.55 
16.63 


First. 

Second. 

Third. 

Rela- 
tive <^ 

Abso- 
lute. 

Rela- 
tive <t> 

Abso- 
lute. 

Rela- 
tive^ 

Abso- 
lute. 

ITiou 
1.494 
1.404 
0. 78051 
0.  85.'.94 

In. 
0.0329 
0.  0329 
0.010 
0.0)2 

Thou.      In. 

1 

Tfiou. 

In, 

0.5415 
1.49t 
1  494 

0. 0142 
0.  0329 
0  1329 

'i.2972 
1. 2972 

'o'.mi 

0.0341 

Breech  of 
jacket. 


Rela- 
tive 
ARo 

R« 


Abso- 
lute, 


Thou. 

0.5586 
0.750 


0.85594 
0.  85594 
0. 85594 


0.85594 

0.85594 
LOOO 
1.000 
1.000 


0.012 
0. 012 
0. 012 


0.012 

0.0125 
0.016 
0.016 
0.016 


1.494  !  0.0329 

1.494 

1.4044 


1.4044 

L3G45 
L2416 


o.og^ 

0.  0329 
0.031 


0.0326 

0.027 
0. 0246 


1.2972   0.0341 
1.2972   0.0341 


In. 
0. 0057 
0.0077 


Bore  of  tube. 


Rela- 
tive 
ARo 

Ro 


Thou. 


1.60 
1.60 


1.6iX7 
L483 
1.250 


1.200 

1.078 
0.950 
0.510 
0.435 


Abso- 
lute. 


In. 


0. 0152 
0. 0152 


0.0122 
0. 0119 
0.010 


0.0096 

0.0086 
0.0076 
0.0041 
0.0035 


Sections  of  the 
gnn. 


Breech : 

Single  hoopiu;; 
Double  hoopinji 

Bree<b  of  tube. . . 

Powder  chamber 

Between  chamber 
and  trunnion 
hoop  ..... 

Trunnion  hoop 

Base  ot  hoop  A  . . . 

Shoulder  of  jacket 
•(within  Iront 
e<lge) 

Forward  end  of 
jacket  (within 
face) 

Middle  of  D  row 
of  boons      

Base  of  C  row  (sin- 
gle hooping)    . . 

Boop  Cy  (end  of 
cone) 


Measured  values  and  variations  from  computed  values. 


Shrinkages. 


First. 


Second. 


Third. 


Ab.so- 

Act- 

lute 

ual. 

varia- 

tion. 

Act- 
ual. 


In. 

0. 0:53 
•I.  03:{ 

•t.  rilo 


In. 

0. 
0. 
0. 


In. 


0.016 
0.  033 


0.0123,-1-0.0003  0.0335 


Abso- 
lute 

varia- 
tion. 


In. 


-f  0. 0018 
0. 


Act- 
ual 


Abso- 
lute 

varia- 
tion. 


In, 


In. 


0.034 


0. 


0.  0135 
0.(1135 
0.014 


0.013 

0.011 
0.016 
0.  017 
0.017 


-fO.  0015  0.0338 


-fO.  0006  0.0331 -0.001 


4-0.  0015 
-f  0.002 

+0.001 

-0.  0015 

0. 
f  0.001 
+  0.001 


0.0335 
0.032 


+0.0009 
+0.0006 
+0. 001 


0. 0335  +0. 0009 


0.027 
0.0246 


0. 
0. 


0.0337 
0.0311 


-0.0004 
-0.003 


Compression  of  bore. 


Breech  recess  of 
jacket. 


Bore  of  tube. 


Act- 
ual 


In. 


Variation. 


Abso- 
lute. 


In. 


0.0041-0.0017 
0.008+0.0003 


Rela- 
tive. 


Act- 
ual. 


Thou. 
0.16 
0.03 


Variation. 


Abso- 
lute. 


In,        In. 


0.0107  +0.0015 


Rela- 
tive. 


7^011. 


0.10 


0.  0154  +0. 0002|0. 025 


0.0137+0.0015 
0.0128+0.0009 
0. 0121  +0. 0021 


0.0122+0.0026 


0.0104+0.00180.225 
0.11 
0.24 
0.01 


0. 0085  +0. 0009 

I 


0.  0060  +a  0019 
0. 0086  +0. 0001 


0.19 
0.11 
0.26 


0.325 


9331  OE 16 
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The  gun  is  designed  to  a£ford  abandant  elastic  resistance  to  the 
powder  pressures  within  the  hooped  portion.  Throughout  the  reinforce 
and  forward,  to  include  the  trunnion  hoop,  it  will  support  an  interior 
pressure  of  24.6  tons  (about  65,000  pounds)  per  square  inch  without  ex- 
ceeding the  elastic  limit  of  any  of  the  component  cylinders.  Similarly, 
the  double-hooped  frustrum  of  the  chase  will  support,  in  round  num- 
bers, a  pressure  of  20  tons,  and  the  single-hooped  frustrum  16  tons  per 
square  inch  on  the  bore  surface.  With  a  suitable  powder  the  desired 
ballistic  effect  can  be  obtained  from  this  gun  under  a  maximum  press- 
ure limited  to  16  tons  per  square  inch.  Thus  the  gun  has  one-third 
more  elastic  resistance  than  it  will  under  normal  conditions  of  firing  be 
called  upon  to  exert.  The  elastic  tangential  resistance  of  the  unhooped 
portion  of  chase  is  computed  to  be  11.58  tons  at  the  base  and  9.53  tons 
at  the  muzzle,  and  the  factor  of  safety  within  the  elavStic  limit  for  an- 
ticipated pressures  is  at  no  point  less  than  2.  The  only  apparent  source 
of  danger  for  the  unhooped  chase  lies  in  the  possibility  that  the  metal 
of  the  tube  may  not  be  of  uniform  strength  throughout.  The  compu- 
tations depend  upon  tests  of  specimens  cut  from  the  muzzle  end,  and 
these  tests  show  an  unusually  fine  quality  of  metal.  If  the  chase  were 
hooped  its  safety  would  be  reasonably  assured,  for  the  hoop  metal  is 
worked  in  small  masses,  and  the  weak  places  of  the  tube  forging,  if 
there  be  any,  would  be  strengthened  by  re-enforcing  it  with  hoops. 

Reference  has  already  been  made  to  the  elastic  longitudinal  resist- 
ance of  the  gun  against  deformation  or  rupture  at  the  breech.  The 
cross-section  of  the  jacket  mt^al  which  opposes  this  strain,  on  the  sup- 
position that  the  strain  is  uniformly  distributed,  would  be  worked  to 
less  than  one-third  its  elastic  strength  if  the  pressure  in  the  bore  reached 
46,000  pounds  per  square  inch. 

In  what  precedes  it  is  assumed  that  the  anticipated  strength  of  the 
gun  has  been  realized  in  its  manufacture.  A  proof  that  such  an  as- 
sumption is  safe  is  afforded  by  the  comparison  of  the  prescribed  and 
actual  shrinkages  and  of  the  anticipated  and  actual  compression  of 
bore  given  in  Table  III.  The  summation  of  the  result  is  shown  by  the 
compression  of  the  bore,  wherein  the  measured  compression  is  nearly 
the  same  as  the  anticipated,  or  differs  from  it  only  within  such  limits  as 
may  be  allowed  and  even  expected  in  such  extended  applications  of  the 
formulas,  involving  a  great  number  of  measurements  made  with  differ- 
ent instrumentfi  and  at  different  times.  In  regard  to  the  me^isurements, 
however,  care  was  taken  to  refer  always  to  the  standard — a  36  inch 
vernier  beam  caliper — and  the  instruments  used  were  supplied  with 
verniers  and  graduated  to  read  O.OOI  of  an  inch.  Finally,  in  connection 
with  the  proof  already  adduced,  it  will  be  recalled  that  the  sufficiency 
of  the  theories  in  the  formulas  made  use  of  in  computing  the  data  for 
the  construction  of  this  gun  has  been  demonstrated  by  careful  experi- 
ment. Indeed,  considering  the  apparent  intricacy  of  the  problem,  the 
application  of  the  formulas  supplies  a  surprising  agreement  between 
theory  and  practice.  This  much  has  been  practically  demonstrated, 
and  the  greatest  difficulty  id  constructing  guns  of  this  class  lies  not  in 
the  theory  of  the  construction,  but  in  the  practical  operations,  that  is, 
in  machining  and  finishing  the  parts  with  the  nicety  required,  and  in  a 
skillful  and  careful  measurement  of  the  finished  surfaces,  with  a  view 
to  such  correction  of  the  finished  dimensions  as  may  be  necessary  in 
order  to  attain  the  desired  end,  namely,  a  very  close  agreement  of  the 
actual  dimensions  with  those  prescribed.  Whatever  gauges  the  work- 
men may  use,  it  is  best  to  adopt  the  rule  that  a  finished  piece  should 
not  be  removed  from  the  lathe  until  its  dimensions  have  been  verified 
by  the  inspector. 
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INCIDBNTS  OP  MANUPACTUEE. 

The  mettiods  and  appliances  of  manufactare,  although  governed  in 
some  essential  particulars  by  the  stipulations  of  the  contract,  were  left 
mainly  in  the  hands  of  the  contractors.  The  dnties  of  the  inspector 
involved  the  measurements  of  the  finished  work,  and  a  detailed  exam- 
ination of  its  accuracy  in  all  stages  of  the  construction  ;  his  approval 
in  these  respects  constituted  a  necessary  antecedent  to  the  continuation 
of  the  work  at  all  times.  The  following  order  was  observed  in  the 
general  operations  attending  the  manufacture  (see  Plate  YU) : 

1.  Hoops  and  Jacket  prepared  for  shrinkage.    Fig.  1. 

2.  Tube  prepared  for  shrinkage.    Fij^.  2. 

3.  Jacket  and  hoop  Ci,  to  Csa,  inclusive,  shrank  on  tabe. 

4.  Holes  for  conphng-pins  driUed  and  pins  inserted. 

5.  Shrinkage  surface  finished  for  D  row  of  hoops.    Fig.  3. 

6.  D  row  of  hoops  shrunk  on. 

7.  Shrinkage  surfaces  finished  for  A  row  of  hoops  and  lap  of  hoop  C4.    Fig.  4. 

8.  A  row  and  hoop,  C4  to  Cgy  inclusive,  shrank  on. 

9.  Shrinkage  surface  finished  for  B  row  of  hoops. 

10.  B  row  of  hoops  shrank  on 

11.  Chamber  and  bore  fine  bored  and  finished. 

12.  Screw-thread  cut  in  Jacket  and  exterior  of  gun  finished  except  at  mazzle. 

13.  Qua  rifled  and  slotted  for  breech-block. 

14.  Parts  of  breech  mechanism  finished. 

15.  Mazzle  end  of  gun  cut  off  and  finished. 

16.  Breech  mechanism  fitted  and  bore  and  rifling  smoothed  by  '*  lapping." 

Following  the  shrinkage  of  tube  and  jacket  the  main  body  .of  the 
piece  was  remounted  in  the  turning-lathe  six  times,  was  separately 
mounted,  and  once  turned  end  for  end  in  the  boring  bed  for  finishing 
the  bore  and  chamber,  and  was  mounted  and  once  turned  end  for  end 
on  the  rifling-machine  (planer)  for  the  rifling  and  slotting  of  the  breech- 
screw.  The  processes  of  manufacture  naturally  fall  under  two  head- 
ings, viz,  the  machining  and  the  shrinkage  operations. 

MAOHINING. 

The  general  rule  was  adopted  to  bore  and  carefully  measure  all  pieces 
for  shrinkage  before  turning  the  corresponding  surfaces.  The  prescribed 
shrinkages  being  then  added,  the  diameters  for  the  turning  were  fixed 
and  the  gauges  adjusted.  By  this  means  the  errors  incident  to  ma- 
chining were  limited  to  the  single  operation  of  turning,  and  the  pre- 
scribed shrinkages^  which  constitute  the  matter  of  chief  importance,  were 
attained  as  nearly  as  practicable.  As  regards  the  nature  of  the  finish 
given  to  the  surfaces,  trueness  combined  with  a  smooth  machine  finish 
was  sought,  and  no  polishing  material  was  used  on  the  shrinkage  sur- 
faces. Oil  was  used  as  a  lubricant  in  boring  the  jacket,  and  its  interior 
was  left  very  smooth.  The  hoops  were  bored  dry,  attached  by  **  dogs  " 
to  the  face  plate  of  lathe,  using  a  single  cutting  tool.  In  some  cases 
a  finishing  file,  applied  by  hand,  was  used  after  the  tool  to  true  up  the 
bore  and  remove  a  very  small  amount  of  material.  The  necessity  for 
this-  generally  arose  from  the  wear  of  the  tool  in  running  through 
the  bore,  the  effect  of  this  being  to  leave  the  bore  smallest  at  the  far 
end,  or,  if  the  workman  attempted  to  correct  for  the  wear  of  the  tool, 
slight  inequalities  of  bore  were  sometimes  produced,  which  were  cor- 
rected by  the  filing.  Filing  was  not  resorted  to  in  the  finish  of  the  ex- 
terior surfaces,  because  the  weight  of  piece  involved  in  these  opera- 
tions was  so  great,  that  sufficient  velocity  could  not  be  imparted  to  it 
with  the  machinery  available.    It  may  be  remarked  here  that  polished 
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shriDkage  sur&ces  are  Dot  considered  necessary  or  even  e^]>edient.  An 
effective  grip  between  the  snrfoces  is  needed  to  stitten  the  gan  longi- 
tadinally,  and  the  snrfaces  should  in  general  be  finished  to  that  degree 
of  fineness  necessary  to  admit  of  accurate  measurement. 

The  hoops  were  the  first  of  the  forgings  of  the  gun  received.  They 
were  fine-bored,  and  finished  to  length,  except  the  outer  ends  of  Au,  Bn, 
and  Di.  The  exteriors  of  all  were  turned  off  to  a  uniform  surplus  of  0.1 
of  an  iuch  over  the  diameters  prescribed  for  the  finish,  in  order  to  bring 
them  as  nearly  as  practicable  to  finished  dimensions  and  to  make  a  care- 
ful examination  for  flaws  in  the  metal  before  the  shrinkage.  The  lap  of 
hoop  Di,  however,  was  not  turned  down,  and  that  of  hoop  G^i^  was  left 
0.25  of  an  inch  full  until  after  the  shrinkage ;  the  supposition  being  that  if 
these  parts  were  thinned  down  before  shrinkage  they  would  be  eventually 
less  efiScacious  than  by  the  method  adopted.  The  measurements  (see 
Addenda  II,  Appendix  18,  Beport  of  the  Chief  of  Ordnance,  1886)  were 
made  as  the  hoops  were  finished,  and  the  pieces  then  boxed  and  laid 
aside  until  needed. 

The  counterbore  of  the  jacket  at  muzzle  was  finished  in  a  lathe,  like 
the  hoops,  the  bearing  being  too  short  for  a  cutter-head  (boring-tool)  to 
do  accurate  work.  As  a  final  test  of  the  bore  of  jacket,  a  cast-iron 
dummy,  about  3  feet  in  length,  was  turned  to  fit  closely  the  main  bore, 
the  shoulders,  and  the  small  bore  at  bottom.  This  piece  was  inserted 
and  the  contact  of  the  shoulders  tested  by  smearing  with  red  lead.  Tem- 
plets were  afterwards  made  from  this  dummy  to  finish  the  breech  end 
of  the  tube.  It  is  deemed  important  to  exercise  great  care  to  prevent 
interference  in  the  insertion  of  the  tube  at  inaccessible  places  of  this 
kind;  and  in  any  case,  if  the  construction  demands  ^  clearance  at  a 
shoulder,  it  is  better  to  make  the  clearance  too  much  rather  than  too 
little.  The  barrel  of  the  jacket  was  not  turned  on  the  exterior  .before 
the  shrinkage,  because  when  received  it  had  only  about  0.125  of  an  inch 
surplus  diameter,  and  this  was  deemed  little  enough  to  protect  so  heavy 
a  piece  in  the  operations  of  heating  and  in  handling. 

The  tube  was,  in  the  first  instance,  rough-chambered  and  bored  to  0.1 
of  an  inch  under  finished  size,  and  s6  remained  until  the  whole  body  of 
the  gun  was  assembled.  The  shrinkage  surfeMse  for  the  jacket  was 
turned,  and  also  that  for  the  whole  C  row  of  hoops.  The  chase  of  the 
tube,  which  was  not  to  be  hooped,  was  left  as  full  as  possible  until  the 
last,  in  order  to  preserve  stiffness.  The  shrinkage  surface  for  the  C  row 
of  hoops  was  turned  in  the  first  instance  to  enable  a  part  of  those  hoops 
to  be  assembled  immediately  after  the  jacket,  and  thus  obviate  an  ad& 
tional  mounting  of  the  piece  in  the  turning-lathe,  but  it  was  afterwards 
found  that  a  mistake  had  been  made,  and  that  the  shrinkage  surface 
over  this  portion  of  the  tube  should  not  have  been  finished  until  after 
the  assemblage  of  the  jacket.  From  some  cause  not  clearly  explainable, 
but  supposed  to  arise  from  longitudinal  strains  caused  by  the  grip  of 
the  jacket  in  cooling  down,  the  tube  was  warped  or  bent  after  the  jacket 
was  shrunk  on.  When,  after  assembling  four  of  the  C  hoops,  the  piece 
was  put  in  the  lathe  and  revolved  on  the  centers  of  plugs  inserted  in  the 
breech  and  the  muzzle  of  the  tube  it  was  found  to  swing  out  of  true, 
near  the  muzzle  end  of  the  jacket,  0.057  of  an  inch  by  measurement,  or 
a  bend  of  about  0.03  of  an  inch  in  the  length  of  the  tube  was  indicated. 
The  surplus  metal  in  the  bore  and  in  the  chase  of  the  tube  enabled  the 
muzzle  center  to  be  so  moved  as  to  correct  the  defect  entirely  for  that 
part  of  the  gun,  but  the  finished  shrinkage  surface  on  the  tube,  which 
extended  about  40  inches  forward  of  the  hoops  already  placed,  ooold 
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not  be  corrected.  However,  the  iuaccaracy  there,  which  resulted  in 
leaviDg  one  side  of  the  hoops  slightly  thicker  than  the  other,  was  event- 
ually so  slight  as  to  be  considered  of  little  importance.  But  had  this 
surface  been  unfinished  the  defect  could  have  been  entirely  corrected. 
The  experience  gained  has  been  useful  *in  this  respect,  and  also  shows 
the  need  of  leaving  a  fair  margin  of  metal  in  the  bore  during  these  op- 
erations to  provide  for  such  a  contingency.  One-tenth  of  an  inch  is  tlie 
least  that  should  be  allowed  in  an  8inch  bore,  and  0.125  of  an  inch  is 
recommended.  For  a  larger  bore  and  longer  tube  a  greater  margin 
should  be  allowed.  The  piece  was  placed  in  a  drilling-machine  to  bore 
the  holes  for  the  coupling-pins,  but,  owing  to  carelessness  of  the  work- 
man, it  was  afterwards  found  necessary  to  ream  them  out  witii  a  hand- 
drill,  since  it  was  essential  that  they  should  be  made  exceedingly  smooth 
and  trne  to  fulfill  the  object  of  their  use. 

In  all  cases  of  finishing  the  rounds  and  fillets  at  shoulders  the  ma- 
chinery was  done  to  gauges  which  had  been  previously  prepared  and 
fitted  to  correspond  and  give  the  prescribed  clearances.  In  preparing 
the  lap  for  hoop  4-i  over  the  shoulder  of  jacket  and  a  portion  of  hoop 
Di,  the  length  of  the  lap  was  made  0.005  of  an  inch  shorter  tl^an  the 
distance  between  the  shoulder  of  the  hoop  (Ai)  and  its  front  face.  This 
was  done  in  order  to  insure  a  bearing  at  the  shoulder  within  the  hoop. 
For  the  lap  of  hoop  C^  on  0,.  the  two  lengths  were  made  identical,  and 
a  close  outside  joint  was  obtained. 

The  trunnion  hoop  was  finished  completely  before  shrinkage. 

It  may  be  noted  that  in  fine-boring  the  tube,  the  length  of  bore  being 
nearly  192  inches,  the  bore  was  true  to  size  for  about  166  inches ;  it 
then  gradually  and  uniformly  increased,  in  conical  form,  for  some  2G 
inches  to  the  forward  end  of  chamber.  The  maximum  increase  amounted 
to  0.007  of  an  inch.  The  wear  of  the  tool,  which,  in  order  to  make  a 
very  fine  finish,  was  not  removed  during  the  operation,  should  have 
caused  the  reverse  of  what  occurred.  The  best  explanation  offered 
to  account  for  the  enlargement  is,  that  as  the  chips  were  pushed  for- 
ward into  the  chamber  and  confined  there  they  crowded  the  head  as  it 
approached  the  bottom  of  the  bore  and  caused  it  to  spread.  This,  of 
course,  might  have  been  provided  against,  but  it  is  given  as  a  new  and 
somewhat  remarkable  experience. 

The  rifling  bar  was  made  for  the  contractors  at  the  Washington  navy- 
yard.  District  of  Columbia  ]  it  is  about  6.5  inches  in  diameter,  and  has 
upon  it,  besides  the  single  groove  used  for  this  gun,  two  grooves,  adapted 
for  cutting  the  cuniform  grooves  of  the  8-inch  navy  guns  which  were 
being  made  at  the  same  time  at  these  works.  The  rifling-head  received 
with  the  bar  was  made  of  steel,  and  the  cutters  narrow  tools,  which  ne- 
cessitated a  circular  moving  feed  to  cut  the  width  of  each  groove.  The 
head  holds  two  cutting  tools,  set  at  a  distance  apart,  adapted  to  cut  two 
grooves  at  one  time.  After  commencing  work  with  the  steel  head  some 
difficulty  was  found  from  scoring  by  reason  of  the  chips  getting  between 
the  moving  head  and  the  surface  of  the  bore,  and  finally  the  head  stuck 
fast  from  the  same  cause.  The  exterior  of  the  head  was  then  turned 
off  and  the  steel  surface  replaced  by  a  bronze  sleeve,  with  the  result  that 
although  the  head  was  scored  and  wore  away  more  rapidly  than  the 
steel  would  have  done,  yet  the  harder  suiface  of  the  steel  bore  was  less 
liable  to  be  injured.  At  this  time,  also,  additional  precautions  were 
taken  to  remove  ail  the  steel  chips  from  the  bore  between  each  passage 
of  the  rifling-head  and  to  lubricate  plentifully  with  oil. 

The  rifling  was  operated  as  follows:  The  gun  was  fixed  in  bearings 
in  line  with  the  center  of  a  planing  machine.    The  breech  of  the  gun 
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was  clamped  in  a  collar,  and  there  was  attached  a  toothed  iudex-wbeel 
and  clatch  suited  to  set  the  gun  for  cutting  each  individual  groove,  and 
the  piece  was  revolved  at  the  proper  time,  for  this  purpose  oul^',  by  a 
worm  and  gear-wheel  attached  near  the  breech.  The  rifling  bar  was 
supported  by  two  standards  and  bearings  in  which  it  could  revolve, 
but  was  held  longitudinally  by  the  rear  one,  which  was  attached  to 
the  table  and  communicated  the  forward  and  back  traveliug  motion 
to  the  bar.  The  front  supi)ort  of  the  bar  was  placed  about  15  inches 
from  the  muzzle  ofuhe  gun.  Tbis  standard  was  fixed  in  position  and 
the  table  moved  beneath  its  The  bar  was  supported  in  a  bushing 
having  a  stud  on  which  the  groove  in  the  riding  bar  traveled  and  oom- 
municated  the  rifling  motion.  Connected  with  this  bushing  was  an  arm 
which  extended  downward  and  the  extremity  of  which  was  held  l>etweea 
two  adjustable  clamp-screws.  And  by  means  of  these  screws  the  feed 
of  the  cutting  tool  necessary  to  cut  the  width  of  each  individual  groove 
was  regulated.  The  machine  was  stopped  each  time  the  bar  was  with- 
drawn and  the  chips  cleaned  by  passing  (by  hand)  swabs  through  fh>m 
the  breech  end.  The  first  was  a  rubber  disk  screwed  to  the  h^d  of  a 
long  wooden  rod;  when  this  was  passed  through  to  the  muzzle,  remov- 
ing the  greater  portion  of  the  chips,  the  head  was  unscrewed  and  the 
rod  withdrawn  alone  to  the  rear.  The  second  swab  was  a  large  sponge, 
well  oiled,  and  when  this  was  passed  through  the  adhering  chips  were 
removed  by  men  stationed  at  the  muzzle  before  the  swab  was  drawn 
back.  To  complete  the  lubrication  oil  was  frequently  injected  from 
the  breech  ipto  the  bore  by  a  large  syringe,  following  the  retreat  of  the 
rifling  head.  Goue.iderable  difficulty  was  found  in  making  cutting  tools 
which  would  stand  the  work,  and  in  one  instance  the  cutting  edge  and 
a  part  of  one  tool  was  sheared  off,  and  remained  embedded  in  the  gan. 
To  obviate  a  defective  land  it  then  became  necessary  to  make  a  slight 
change  in  the  width  of  the  lands  and  grooves  remaining  to  be  cut,  bat 
the  parallelism  of  the  edges  was  preserved. 

The  "  lapping''  head  for  the  rifled  bore  was  a  solid  cylinder  of  lead 
about  8  inches  long,  cast  in  a  mold  to  iiit  the  rifling;  it  wns  attached  to 
the  end  of  an  iron  rod  and  operated  by  four  men.  Fine  emery  and  oil 
was  used  for  polishing.  Notwithstanding  a  great  amount  of  labor  ex- 
pended in  this  way — except  to  smooth  down  the  edges  of  the  lands  and 
the  sides  of  the  grooves — slight  tool  marks  in  the  bottom  of  the  grooves, 
perceptible  in  the  shades  of  light,  but  sometimes  more  marked,  could 
not  be  removed.  The  chamber  was  so  smoothly  finished  that  no  lap- 
ping was  necessary,  but  as  a  precautionary  measure  the  slopes  were 
polished  with  solid  wooden  forms  and  emery  and  oil.  Measurements  of 
the  finished  bore  and  rifling  are  given  in  Addenda  Y  of  the  Inspection 
Report.    (See  Appendix  18,  Report  of  the  Chief  of  Ordnance,  1886.) 

Work  on  various  parts  of  the  breech  mechanism  was  done  from  time 
to  time  as  the  remainder  progressed,  but  the  thread  on  the  block  was 
not  cut  until  after  the  screw  in  the  jacket.  In  threading  the  block  the 
commendable  caution  was  taken,  at  the  instance  of  the  superintendent 
of  the  works,  to  mount  it  upon  a  long  mandrel  in  the  same  lathe  and 
the  same  i>osition;  also  to  finish  the  thread  in  the  same  dircK^tion  as  in 
the  case  of  the  breech-screw.  By  this  means  it  was  sought,  and  also 
no  doubt  accomplished,  to  make  the  two  threads  bear  very  evenly  when 
brought  under  strained  contact  in  the  firing.  Great  care  was  necessarily 
exercised  in  finishing  and  fitting  the  various  parts  of  the  breech  mech- 
anism, and  only  the  most  exi)erienced  workmen  were  employed;  and, 
resi>ecting  this,  it  may  be  remarked  that  the  best  workmen  at  the  West 
Point  Foundry  are  notably  proficient.    No  specwl  difficulty  was  found  • 
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in  inachlQing  the  block,  and  its  constructiou,  with  solidly  attached 
handles,  certainly  affords  obvious  advantages  in  simplicity  and  strength 
over  one  requiring  a  face-plate. 

THE  SHRINKAGE  OPERATIONS. 

When  this  gun  was  undertaken  the  West  Point  Foundry  had  no  pro- 
visions made  for  heating  the  parts  for  shrinkage.  Shortly  before  this 
some  experimental  work  of  the  kind  had  been  done  on  two  occasions; 
in  the  first  the  hoops  were  heated  by  a  wood  fire  built  around  them  in 
the  yard,  but  the  heating  was  found  to  be  unequal  and  so  little  under 
control  that  on  the  second  occasion  the  hoops  were  heated  as  far  a^  was 
practicable  with  means  at  hand  in  a  medium  of  hot  air  with  very  satis- 
factory results.  Meantime,  at*the  South  Boston  Foundry  a  g£^- heating 
apparatus  had  been  used  for  this  purpose,  and  was  found  to  be  econom- 
ical of  fuel  and  to  possess  marked  conveniences  for  the  work.  There  is 
little  doubt  that  had  the  West  Point  Foundry  been  provided  with  gas 
at  this  time  the  method  used  at  South  Boston  would  have  been  adopted. 
On  the  question  of  merit  for  heating  purposes,  having  due  regard  to 
uniformity  and  purity  of  the  heating  elements,  the  hot  air  was  considered 
best,  and  estimates  of  cost  showed  that  there  would  be  little  difi(^rence 
in  the  matter  of  economy.  It  was  therefore  decided  by  the  contractors 
to  construct  a  special  furnace  for  heating  by  means  of  hot  air.  This 
course  had  been  previously  suggested  and  advocated  by  the  inspector, 
and  the  principles  involved  met  with  his  full  approval.  The  furnace 
which  was  built  served  its  purpose  quite  well,  but  was  deficient  in  ap- 
pliances for  handling  the  pieces  of  metal  to  be  heated,  and  no  special 
apparatus  was  provided  for  transferring  the  heated  piece  in  an  easy 
and  safe  manner  from  the  hot-air  chamber  to  its  place  on  the  gun.  This 
transferring  was  all  done  by  block  and  fall,  or  cranes,  in  connection 
with  bands  of  wrought-iron  provided  with  eye-rings  which  were  clamped 
around  the  piece  before  the  heating  and  removed  when  the  piece  was 
in  position  on  the  gun. 

The  hot-air  chamber  of  the  furnace  was  formed  by  a  cast-iron  cylinder 
about  4^  feet  in  diameter  by  12  feet  long;  it  was  laid  horizontally,  with 
its  lower  side  about  6  feet  above  the  floor  with  which  the  ash-pit  ran 
level.  The  cylinder  was  jointed,  having  been  cast  in  several  sections 
with  outside  flanges  that  were  embedded  in  the  wall  of  the  brick  casing 
surrounding  the  whole.  Underneath  the  cylinder  a  false  bottom  of  semi- 
circular form  was  fixed  to  leave  an  airspace  some  6  inches  deep;  this 
bottom  was  interposed  between  the  firebox  and  the  cylinder  so  that 
the  flame  did  not  come  in  contact  with  the  latter  on  its  under  side.  The 
fire-box  and  grate  extended  the  whole  length  of  the  structure  below. 
The  ash-pit  and  grate  were  made  about  20  inches  wide  and  the  firebox 
built  up  of  ordinary  brick  laid  in  horizontal  courses  flared  outwards 
from  the  grate  to  meet  the  walls  of  the  casing  about  the  level  of  the 
lalse  bottom.  Coal  was  used  as  fuel.  The  flame  rose  around  the  sides 
of  the  cylinder  and  the  smoke  ascended  through  a  pipe  stack,  the  base 
of  which  rested  on  the  top  of  the  brick  structure  at  the  middle  length, 
near  one  side.  Cold-air  ducts  into  the  air-space  were  provided,  but  were 
little,  if  at  all,  used.  A  couple  of  apertures  were  made  at  the  top  of  the 
chamber  for  the  purpose  of  ventilation  and  for  the  insertion  of  thermom- 
eters. When  not  used  for  temperature  observations  these  apertures 
were  kept  nearly  closed.  The  front  end  of  the  chamber  was  closed  or 
entirely  opened  by  means  of  a  pair  of  close-fitting  iron  doors,  and  through 
one  of  them  a  third  opening,  for  observations  of  temperature,  &c.,  was 
made.    This  opening  was  habitually  kept  closed. 
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The  pieces  were  passed  in  aud  out  of  the  heatiDg  chamber  on  an  iron 
car,  which  was  built  with  special  reference  to  heating  the  jacket,  but 
was  used  also  for  the  hoops,  which  were  laid  loosely  on  it.  The  num- 
ber of  hoops  heated  at  one  time  varied  from  one  to  three,  depending 
upon  convenience  of  work.  Outside  and  in  front  of  the  furnace  a  com- 
mon platform  car  (short)  was  placed  oo  rails  to  raise  the  top  of  it  to 
a  level  with  the  bottom  of  the  chamber.  This  car  could  be  run  back 
enough  to  clear  the  doors  of  the  chamber  for  opening  and  to  bring  the 
pieces  on  the  iron  car  within  reach  of  the  shop  crane.  The  iron  car 
was  run  on  rails  laid  on  the  top  of  the  platform  car,  and  rails  were  laid 
on  the  bottom  of  the  chamber  in  prolongation  of  these,  so  that  when 
the  doors  were  opened  and  the  platform^car  run  in,  the  iron  car  pasaed 
readily  into  the  chamber.  The  supports  for  the  jacket,  which  was  laid 
in  a  horizontal  position  on  the  iron  car,  consisted  of  V-shaped  transoms, 
18  iuches  ai>art.  The  line  of  support  was  made  straight  and  true  by 
machining  the  tops  of  the  transoms  in  a  planer. 

The  air  in  the  chamber  could  be  raised  to  a  temperature  of  aboat 
500^  F.  in  from  three  to  four  hours  after  starting  the  fire,  and  the  heat 
once  acquired  but  little  fuel  was  required  to  maintain  it.  Taking  a  case 
where  the  temperature  was  raised  at  times  to  about  750^  F.,  the  amount 
of  coal  consumed  in  starting  the  fire  aud  maintaining  it  for  thirty  hours 
was  about  3,000  pounds.  The  maximum  temperature  to  which  the  air 
could  be  raised  was  found  to  be  about  800^  F.  A  high-registering  mer- 
curial thermometer  was  used  at  first  in  one  of  the  top  openings,  bat 
was  broken  by  the  heat.  The  temperature  was  gauged  from  time  to 
time  by  a  hydro-pyrometer,  the  copper  piece  being  inserted  through  the 
opening  in  the  door  to  the  level  of  the  piece  which  was  being  heated. 
The  best  determinations  of  temperature  confirmed  closely  the  rule  that 
within  the  limits  of  temperature  usually  employed  in  gun  construction, 
a  diametrical  expansion  of  0.00139  of  an  inch  per  linear  inch  corresponds 
to  2120  F.  elevation  of  temperature,  or  that  the  expansion  is  0.0000065534 
of  an  inch  per  linear  inch  for  each  degree  Fahrenheit  elevation.  This 
rule  may  be  expressed  as  follows :  Let  D  represent  the  original,  Di  the 
expanded  diameter,  and  Di— D=a  the  absolute  expansion ;  calHthe 
temperature  of  tiie  outside  air  and  d  the  expansion  per  linear  anit| 

then  d=  ^ 

and  the  temperature  of  the  metal  in  Fahrenheit  degrees  will  be  given  by 

"^  0.0000065534  ■*■  ** 

The  temperatures  recorded  in  the  Inspection  Report,  Addenda  lY, 
Appendix  18,  Report  of  the  Chief  of  Ordnance,  1886,  were  determined 
by  this  rule.  Referring  to  that  we  note  that  in  some  cases  the  tem- 
peratures were  unnecessarily  high.  For  the  jacket  (740  degrees)  it 
was  proper  to  be  assured  of  a  good  degree  of  heat  on  account  of  the 
weight  of  the  piece  and  possible  delays  in  the  assemblage,  but  owing 
to  inadequacy  or  lack  of  preparation  several  of  the  hoops  were  letl 
an  onncessary  length  of  time  in  the  furnace.  The  least  recorded  tem- 
perature of  hoop  was  that  of  G4,  450  degrees,  and  the  highest  As,  815 
degrees.  As  a  general  rule  a  clearance  of  from  0.03  to  0.035  of  an  inch 
would  suffice  for  the  assemblage,  and  the  corresponding  temperature 
would  be  from  500  to  550  degrees  Fahrenheit. 

Gauge-disks  for  the  diflferont  bores  of  the  jacket,  mounted  on  iron 
rods,  and  gauge  rods  for  the  hoops  were  set  in  advance  of  the  heating 
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to  test  the  expansion  from  time  to  time  and  determine  the  proper  time 
for  withdrawal.  After  some  experience,  by  observing  the  heat  of  the 
farnace  and  the  length  of  time  after  insertion,  it  was  not  difScult  to 
judge,  without  the  use  of  temperature  determinations  or  gauges,  when 
the  hoops  had  reached  the  proper  degree  of  expansion  or  heat.  And 
it  was  shown  that,  with  a  proper  system,  which  it  would  be  easy  to 
manage,  a  minimum  of  labor  and  anxiety  can  be  had  in  the  use  of  hot 
air  for  heating  purposes.  By  fixing  proper  intervals  between  the  in- 
sertions a  furnace  with  a  capacity  for  2,  or  at  most  3  hoops,  would  enable 
any  number  to  be  assembled  without  delays  for  heating. 

The  length  expansion  of  the  jacket  was  measured  when  the  tem- 
perature of  metal  was  about  725  degrees  Fahrenheit,  by  means  of  a 
templet  extending  the  length  (87.36  inches)  of  the  bore.  The  expansion 
in  the  length  was  found  to  be  0.38  of  an  inch.  This  was  very  nearly 
what  was  to  be  anticipated  from  the  temperature,  applying  the  pre- 
ceding rule  for  expansions,  but  it  is  important  to  note  the  magnitude 
of  this  length  expansion,  which  also  measures  approximately  the  con- 
traction in  the  length  of  the  jacket  in  cooling  down  under  shrinkage. 
After  the  shrinkage  the  permanent  set  in  the  length  of  this  jacket  was 
found  to  be  0.03  of  an  inch;  its  actual  contraction  in  coo"*ig  was  then 
0.35  of  an  inch.  This  makes  it  a  matter  of  considerable  importance 
that  in  such  long  shrinkage  surfaces  the  boring  and  turning  should  be 
very  true,  since  if  the  outer  cylinder  should  clamp  tangentially  at 
certain  points  whilst  still  unduly  extended  in  length,  dangerous  and 
unequal  strains  would  probably  be  introduced.  Moreover,  whilst  very 
smooth  finish  for  such  surfaces  is  not  advocated  in  general,  yet,  if  we 
wished  te  introduce  here  a  relatively  rough  surface  for  the  prevention 
of  ulterior  longitudinal  slipping,  we  would  necessarily  confine  such  a 
surface  to  a  few  inches  towards  the  end  where  the  outside  cylinder  is 
(as  is  general)  artificially  cooled  with  water. 

The  tube  and  jacket  were  assembled  by  lowering  the  tube  into  the 
heated  jacket,  which  rested,  breech  down,  over  a  centering  plug  fixed 
in  the  bottom  of  the  shrinkage  pit.  Preparatory  to  this  the  tube  had 
been  suspended  by  the  muzzle  vertically  above  the  center  of  the  pit, 
and  was  raised  so  as  to  clear  the  way  for  the  transfer  of  the  heated 
jacket  from  the  furnace  to  the  pit.  The  muzzle  of  the  jacket  projected 
about  15  inches  above  the  mouth  of  the  pit,  and  was  "  stayed'^  in  a  ver- 
tical position ;  its  transfer  from  the  furnace  to  this  position  was  ef- 
fected in  a  little  less  than  5  minutes,  and  the  tube  was  then  lowered 
into  the  jacket  in  1  minute.  A  circular  sprinkler  throwing  fine  jets  of 
water  was  quickly  placed  around  the  muzzle  end  of  the  jaeket  to  cool 
it  and  cause  it  to  clamp  first  at  that  part.  The  shoulder  of  the  tube 
came  squarely  down  upon  the  muzzle  face  of  the  jacket,  and  showed  no 
opening  there,  but  after  a  time  a  slight  opening  appeared,  and  ulti- 
mately this  joint  was  irregular,  and  gave  an  opening  at  one  place  equal 
to  0.028  oi  an  inch.  One  principal  objection  to  be  made  to  this 
mode  of  insertion  is  the  difficulty  of  proper  water-cooling.  A  tin  col- 
lar forming  a  water-shed  was  fixed  below  the  sprinkler,  and  the  jacket 
was  also  wrapped  with  strands  of  rope,  yet  streams  of  water  could  not 
be  prevented  from  running  down  the  sides.  It  was  due  to  this  perhaps 
in  part,  in  connection  with  abnormal  longitudinal  strains,  that  the  warp- 
ing of  the  tube  before  mentioned  occurred.  At  all  events,  the  rational 
method  of  cooling  would  require  that  the  jacket  should  be  uppermost 
in  the  assemblage,  for  in  this  position  the  cooling  could  be  made  even 
all  around  and  tbe  application  of  water  limited  to  exactly  the  part  de- 
sired to  be  cooled. 
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Tbe  jacket  was  9  hours  and  21  miuates  iu  the  farnace.  It  had  been 
placed  there  at  midnight,  and  at  7.30  a.  m.  the  gauge-disks  entered 
freely,  but  an  unexpected  delay  then  occurred  in  removing  it  to  make 
some  change  in  the  preparations.  It  was  finally  taken  out  at  9.22  a.  m. 
The  cooling  with  water  proceeded  gradually  from  the  muzzle  towards 
the  breech,  and  the  whole  operation  was  completed  about  noon.  Dar- 
ing the  assemblage  and  cooling  the  bore  of  the  tube  was  kept  filled 
with  cold  water  supplied  by  connecting  pipes. 

This  cold-water  supply  in  the  bore  was  also  kept  up  during  the  as- 
semblage of  the  hoops.  It  was  arranged  as  follows :  Both  ends  of  the 
tube  were  closed  and  a  discharge-pipe  of  1.5  inch  bore  and  some  inches 
shorter  in  length  than  the  bore  of  gun  was  fixed  through  one  of  the  head- 
plates.  A  2.5-inch  hose  conducted  the  water  to  the  pipe,  and  the  outlet 
pipe,  2* inches  in  diameter,  was  fixed  at  the  same  end,  so  that  the  water 
was  discharged  at  the  far  end  aud  circulated  through  the  length  of  the 
bore. 

The  circular  sprinkler  which  was  used  for  the  progressive  outside 
cooling  of  all  the  pieces  consisted  of  two  circular-bent  arms  made  of 
1-inch  iron  pipe ;  they  were  closed  at  the  outer  ends  and  connected  with 
the  supply  pipe  at  the  other  ends  by  ball-and-socket  joints.  Numerous 
holes  were  made  on  the  inside  of  the  arcs  to  discharge  the  water  in  smidl 
jets.  The  arms,  or  arcs,  were  made  of  various  sizes  to  encircle  the  out- 
side of  the  piece  which  required  cooling. 

The  apparatus  used  for  applying  pressure  to  hold  the  hoops  up  to 
place  whilst  they  were  being  cooled  was  more  remarkable  for  its  cheap- 
ness than  its  efficacy,  and  the  greater  credit  for  the  results  obtained  in 
making  close  joints  was  due  to  the  careful  use  of  the  water-sprinklers. 
The  apparatus  consisted  of  a  section  of  heavy  sheet-iron  pipe,  1  to  15 
inches  larger  interior  diameter  than  the  zone  of  gun  to  be  hooped,  and 
of  sufficient  length  to  reach  from  the  hoop  in  position  to  a  distance  be- 
yond tbe  extremity  of  the  gun  over  which  the  hoop  was  assembled. 
An  iron  rod  was  passed  through  the  bore  of  the  gun  and  secured  by 
head  and  nuts  to  the  water  tight  end-plates  at  the  two  extremities; 
this  rod  also  projected  from  the  gun  to  a  greater  distance  than  the  pipe, 
and  was  threaded  over  this  projection.  In  the  assemblage  the  gun  was 
laid  horizontally,  and  the  hoop  supported  by  the  crane  was  slipped 
over  the  end  of  gun  and  pushed  along  by  hand  labor  with  the  swing 
of  the  crane  to  its  position.  The  pipe  was  then  passed  on  to  abut 
against  the  outside  face  of  the  hoop ;  it  was  supported  at  the  rear  end 
by  a  follower — a  plate  of  sufficient  size  to  cover  the  end — and  the  pres- 
sure was  applied  by  means  of  a  large  nut  working  on  the  threaded  por- 
tion of  the  projecting  rod  against  the  follower.  This  latter  piece  was 
made  in  two  parts,  hinged  together,  to  obviate  the  necessity  of  remov- 
ing the  nut  from  the  r^.  The  various  pieces  of  pipe  were  faced  true 
at  the  ends  before  being,  used. 

Oood  joints  between  the  hoops  were  secured  in  most  instances,  and 
all  were  fairly  good.  In  many  places  the  contact  was  apparently  per- 
fect, and  the  average  opening  measured  about  0.004  of  an  inch.  The 
maximum  opening  between  any  two  hoops  was  0.013  of  an  inch..  The 
width  of  these  openings  was  measured  by  inserting  thin  sheets  of  brass 
or  tin  which  were  pushed  to  the  bottom,  that  is,  through  the  thickness 
of  the  hoop  to  the  surface  under  the  joint.  The  differences  in  width 
of  joint  at  different  depths  were  seldom  perceptible.  More  or  less 
irregularity  was  found  in  the  width  of  joints  observed  individually; 
they  were  generally  closest  at  top,  as  the  gun  lay,  and  it  is  believed  that 
this  arose  at  least  in  part  from  the  position.    In  cooling  the  hoop  with 
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the  gun  ill  a  horizontal  position  streams  of  water  would  run  in  various 
directions,  and  the  cooling  could  not  be  confined  as  desired.  This  and 
other  considerations,  to  which  my  attention  was  first  called  by  General 
Henry  L.  Abbot,  United  States  Engineers,  lead  to  the  conclusion  that 
the  gun  should  be  placed  in  a  vertical  position  for  the  hooping.  In 
substance  it  was  remarked  that  the  hoop,  when  brought  to  position, 
would  rest  only  on  its  top  element,  that  it  would  be  in  a  disadvantag- 
eous position  to  contract  uniformily  and  evenly  on  the  under  cylinder, 
and  this  disadvantage  would  be  aggravated  in  the  case  of  large  and 
heavy  hoops  or  cylinders,  possibly  heated  to  a  degree  that  would  cause 
deformation  when«  suspended  in  this  position. 
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INSPECTION  BEPOBT  OF  EXPERIMENTAL  STEEL,  S-INCH  BEEECB- 

LOADING  RIFLE  No.  1. 

By  Capt.  Rogers  Birnie,  Jr.,  Ordnance  Department. 

Office  op  Inspector  op  Ordnance,  U.  S.  A., 

West  Point  Foundry, 
Cold  Springy  y.  T.,  July  10, 1886, 
The  Chief  op  Ordnance,  U.  S.  A., 

Washington^  B.  C. : 

General.:  I  have  the  honor  to  transmit  herewith  inspection  report, 
with  five  addenda,  of  experimental,  steel,  8  inch  breech-loading  rifle  No. 
1,  made  at  this  foundry  under  contract  with  Messrs.  Paulding,  Kemble 
&  Co.,  dated  June  23,  1881. 

Very  respectfully,  your  obedient  servant, 

R.  BIRNIE,  Jr., 
Lieutenant  of  Ordna/nce. 


Report  of  tiwpcctum  of  experimental^  steel j  &-inch  breeoh-loading  rifle  No.  1,  manufaolured 
at  the  West  Point  Foundry ,  under  contract  of  Chief  of  Ordnance,  U,  S,  Army,  dated  Jwm 

23,  1884. 


Subject  of  measarement. 


Dinmeter  of  bore  across  lands 

Diameter  of  shot  chamber 

Diameter  of  powder  chamber 

Number  of  fnt>oves  and  lands 

Width  of  lands 

Width  of  grooves 

Depth  of  jcrooves 

Grooves  filleted,  with  ra<lius  of 

Landn  rounded,  with  radiaa  of 

l^ength  of  rifled  bore 

I*onpth  o!  sliot-chambcr  slope 

Length  of  sbot  chamber   

L«n{:th  of  powder  chamber  and  slope  .  . .. 
Total  length  of  bore  of  tube  (and  of  tube) 


DimenBioDS. 


Inehet. 
&00 


&19 

9.50 

45.00 
0.17 
0.8884 

0.06 


0.08 
0.01 

191. 36 

1.25 

3.14 

40.75 

245.50 


^ 


Inehet, 
&00 


&20 

9.499 

45.00 
0.17 
0.3884 

0.0615 


0.08 
0.01 

191.51 

1.25 

3.14 

49.75 

245.65 


I 


Inehet. 
5—0. 001  > 
i+0.0075 


S +0.005 

?+0.0]4 

—0.002 

—0.001 


;~  0. 035 

+0.015 

»— 0.002 

+0. 005 


+0.15 


+0.15 


Variation  +0.007  at  fWmt  of 
shot  chamber,  thence  con* 
tracts  uniformly  to  zero  in 
26  inches  forward. 

Irregularly  bored. 


Pitch  of  rifling  yerifled  on 
rifling  bar,  increasing  from 
1  turn  in  70  calibers  at  or- 
igin to  lin  25  at  16  inches 
from  ronzzle,  thence  uni- 
form, 1  in  2&,  to  muzzle. 

Principal  cause  of  varying 
widtn  of  grooves  and  lands 
due  to  score  made  in  bore 
by  breakinjif  of  rifling 
tool.  Position  of  some 
grooves  changed  to  cut 
out  this  score.  Besides 
this  defect,  the  grooves 
show  tool-marks  or  scores 
at  bottom  in  several 
places,  which  could  not  be 
removed  by  long  •  con- 
tinned  "lapping'*  or 
grinding. 
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o/ajwrimmfal,  >ImI,  B-inoA  breedt-Iaadin^  tifie  Ho.  1,  ^c— Cont'd. 


i 

1 

1 

BomarkL 

Length  of  bore  in  front  of  obHit«tor.  bt*«oh 
dued. 

238.  KS 

■!«« 

o:« 

a.  DO 

18.50 
10.  DO 
11.00 

n.76 

§1 

mil 

siw 

3LM 
32.70 

mno 
2s.m 

20.  7S 
KtW 

niiso 

fnidUiI. 

Mo.m 

!04 

a!  00 

1B.W 

1 .» 

1  .TE 
O.TB 

14.09 
U.S98 

33.1VT 

B7.00 
82!  00 

31.  M 

32.77 

V5M 

is!  165 
13.00 

3t!oo 

fl.DD 
ai.BO 

■1.08 

nL7i 

-^1£l5" 

EffeoUvB  length  of  bore  - 

-t-OkOS 

Length  of  (hmdsd  portion  of  brcerb-Tecew . . 
Lmsth  of  thraadHl  portion  ot  brooch-black . . . 

Ktaortbie<.dlDreo«».ndoobl«!t    

Uailnum  diamoler  of  b<.-ad  of  oblorotoi^ilem . 

ri-.Kvrns's 

—0.007 

aftorward  caulked  with 
ooppL-r. 

ri-iD01*r  af  VBUl  '^™"Bh  "PPer  bn.Ung  .... 

Broeub    to   fltol  shoulder,  vilbia  Jaoket 
Ilengih  *.".%)- 

Jacket  CDDpl<>d  to  lube 
(iDugKudlnuI'vl  bi  4  al'Tl 
pina  -i  iBtbeil  dlunelrr. 
W>  apJin,  paswd  tbniaitb 
wallarjac'kel  in  (Von  1  of 
aboulder  .nd  let  into  tab* 
0.375  of  .n  ini:h-cl«fly 
flttnl  and  necuradach  by 
BMrowcnp. 

Bacoud  la  third'  aboulder,  within  Jicket 

(IflDKib  aT".14). 

^"a^bTa^aJiMWer,  undor  A  raw  (length 

Sbouldw,  ooder  A  row  (lenclb  3".01 

Shoold^r  to  muiile   end.  onder   D    row 

—0.001 



-0.003 

—0.001 

Actually,  inlorioc  dlamMoT 

Dij™-t«  of  U  row  of  hoop*  nnder  D  row 

-0.001 

Actoally,  interior  dlMnetei 

*"s^f^5;r™?f.«?".i 

■+0.01"  ■ 

IKfi'SS.:;::::;;::::-.;:::;::-;::::;. 

+D.0IB 

-o.ooi 

+0.21 

Length  of  cnn,  azii  of  tmnnioiu  to  btvecb  . . . 

iSSS&'SiS.'rSSi"""-::: 

Total  Imgth  orpin  over  .11,  br«oh  elowd  ... 

Weight  of  brteeh-blDok.  obturator,  and  lever  complete 41 

Weight  of  body  ot  COD,  witboniflitnrA*    MM 

■Weight  of  gnn  complete IS;  H 

Breecb  preponderuioo,  axla  of  Kon  boriiontal •• 

Pi^ODdennss  eqnaU  weight  on  eoalB*  noder  an 


■nppon  pliradU  InoWlniMiofudaol 
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Physical  properties. 
[From  tests  of  speoimens  taken  tangentially  by  tension.] 


Specimens  taken 
from — 


Tube: 

Breech  end 

Mazzle  end 

Tncket,  breech  end. 

Traunion  hoop 

Plain  hoops* 


0.25 
0.25 
0.25 
0.25 

0.25| 


5 


7. 8521 
7.8661 
7.8665 
7. 8.580 
7.8008 


•5 

p 
H 


82880. 

99700. 

03780. 

86090. 
113880. 
107390. 


i 
I 


20.3 
16.91 
24.78 
24.79 


35000. 
53330. 
52500. 
36330. 
63170. 
61750. 


s  a  s 


20.16 
23.86 
21.  00 
17.39 
12.30 
13.94 


Remarks. 


Whit  worth  steel,  3-inch  specimens. 
Whit  worth  steel,  2*inch  speoimens. 
Whit  worth  steel,  3-inoh  speoimens. 
Whit  worth  steel,  6-inch  specimens. 
C  and  D  rows,  Midvale  steel 
A  and  B  rows,  Midvale  steeL 


*  0-inch  specimens  only  recorded  here. 

The  following  addenda  accompany  this  report,  viz: 

I. — Summary  of  testa  of  metals. 

II.— -MeaHurementa  of  hoops  prepared  for  shrinkage. 

m. — Statement  of  shrinkages  employeil  and  resulting  compressions  of  bore. 
IV.— Summary  of  the  shrinlcage  operations;  heating,  expansions,  temperatures,  Sm. 

V. — MeaHurements  of  finished  bore  and  rifling. 

I  certif  V  that  the  foregoing  report  is  correct,  and  that  the  8-inch  rifle  therein  specified  has  been 
accepted  bv  me  as  conforming  to  the  standards  as  to  dimensions,  quality  of  material,  and  character  of 
workmanship  prescribed  by  the  Ordnance  Departmentk 
June  26,  im 

B.  BIBKIE.  Jr., 
LUuimumt  qf  Ordnance^  Inspector . 
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Mean  rvsulta  of  teala  of  bars  taken  from  hrceck  end. 
[Jacket  for£ing:  Wbitworth  steel.] 


By  tension. 


By  compression. 


Snbjoct  of  nioaniirenicnt. 


Number  of  specimens  te«t«'d 
Diameter  of  specimen  bar, 

inches 

Len;rtb   of    specimen    bar, 

inches 


Load  per  pqnare  inch  of 
cross-sectiou  (pounds). 


15.000 
30,000 
35.000 
40,000 
45.000 
46.000 
47,000 
48.000 
49.000 
50,000 
55,000 
60,000 
66.0U0 

r2,ooo 

80,000 


Elastic  limit,  pounds  <  ?{J° "  • 
per  square  inch  . .    i  \  ver 

iMi 


Min.. 
er. 


Corre«pon«lin2  elon- 
gation or  conii'Tcrt 
siun.  thousan   ttis 

Rt-sit'tnuco  at  fjitt.in*)  ».. 
on    primilivo    S''<^-^\f;l' 
tlon,     pMumls    P^'^JAvi-r 
sqr.arc  iiu  h J  * 

Eloimutio:)  per  incliiMiii. 
after  ruptuns^prr  >  Max 
cent      *     .    )  Aver 

Ai-ea    of   primitive  8«'ctiun, 
sqiiari'  inchi'H 

Reilnotion  of  area  nf  "j  ^.. 
ter   runtiirf.    P<  '^xi..   " 
cent,  of  piimitivn  j  V'  ._ 
seciitm    J  ^Ncr 

SpetJflc  gravity 

UardiK-HS 


Tangential 
spucimens. 

2 

0.564 

3 


Longitnd> 

iual 
specimens. 


Tangential 
dpi'cimeno. 


3 

0.564 
o 


2 

0.708 

5 


Radial 
specimens. 


2 

0.798 


5 


Elongations  or  compression  per  inch  (thou- 
sandths). 


0.433 

0.  or-o 
1.10 
l.'JS 
1.40 
1.45 
L.-iO 

1.  5(=6 
1.788 
(19:> 
9.081 

ir>.'::> 

21.  GS4 
80.  a-^a 
5U.333 


0.383 

0.950 

I.IO 

1.2C7 

1.45 

1.50 

1.  516 

1.5,"» 

4.767 

5.016 

9.667 

1X116 

20.216 

28.  7:;3 

46.716 


48,000 

57.  (too 

52,500 
1.6 
1.867 
1.734 

I  84.  .^00 
103.200 
!  0;i.  7>50 


48.000 

fil.UuO 

!  5:i,000 

I 


1.55 
2.00 
1.717 


0.517 

0.50 

1.017 

0.983 

1. 1(57 

1.15 

1.333 

1.30 

1.  r>o 

1.467 

1.0><4 

3.  :<^i 

2.r»83  ' 

3.717 

3.  433  : 

4.05 

4.217 

4.283 

4.517  1 

7.567 

6. 133  1 

11.40 

17.67 
21.33 
11.  00 

0.  25 
r!6.4 

41.1) 
30. 2 
7.8061 

20.3 


I 

i 

I 

I  e:\48o 

106.  80U 
94,0fO 

22.0 
29.  5 
23.0 

0.25 

47. 2 

54.6      j 

51.3  j 
7.8G41 

14.06    ! 


45.000 

50.  000 

50,500 

1.  567 
1.767 
1.667 

179, 000 
87. 280 
03, 140 


0.50 


4.283 

7.567 

11.40 

45,  000 

49,000 

47, 000 

1. 4  13 

1.633 

i.5;« 

81,520 

88,640 

85,080 

0.50 

Kemarks. 


IjDder  tension.the  tr 
ture  of  the  two  v 
gential  apcciin< 
show-e<l  one  tine  gr 
ulation  with  fl 
center  and  one  Kill 
and  the  three  Ion 
tutlinal  A|ieciuioni« 
silky  evoept  one 
trrspersod  ^iih  fl 
granulation. 


Under  coniprcosion. 
of  t  liM  Jour  Hpecimf 
failed  by  ttiple  fli 

urc. 


The  valupj*  adopted  from  the  results  of  tests  an  jibove  to  represent  tho  elastic  properttos  of  tl 
metal  iu  ccunpuiinir  tho  shrinkacres  fur  tho  construction  of  the  gun  were  as  follows: 
Ela.>*tic  limit.  41.800  pountU,  or  20  tons  prr  »»nnare  inch. 
Elastic  (lispIareniiMit.  1.44  i  thous.indthrt  per  linear  inch. 
Modulus  ot  elasticity  31,001,600  puund:^,  or  13,840  tons. 
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Mean  rcaulis  of  tests  of  bars  taluin  tangentially. 
[Hammered  and  rolled  hoopa:  Midvale  steel.] 


Subject  of  measurement. 


Number  of  Hiwciinens  tested  . .  — 
Diametti  of  sprcimc  n  bars,  .inches. 
Li-nj^th  or.siKt'imcn  bars do.. 


Hammered  hoops. 


By  tension. 


By  com- 
prcMiion. 


Rolled  hoops. 


By  tension. 


6 

0.664 

6.0 


2 

1. 132 
9.0 


8 

0.564 

3.0 


16 

0.564 
6.0 


I  By  com« 
pression. 


4 

1.129 

9.0 


Elongations  or  compressions  per  inch  (thousandths). 


Load  ]>or  nq.  inch  of  cross-section : 

I. ''.000  pouinl.s 

:jO.O(  0  houikIs 

40. <  UO  pouml.** 

45  0(  0  i)ountl.s 

5''. coo  pounds 

fi.'i.ooO  ptMiinls 

Dfi.OOu  ]>oun(lrt 

6(>,('U0  j>ouiids *: 

G.'>,('0()  pounds 

70,000  pounds 

75,000  jiounds 

Elastic  limit,  ponnd.s  per  J  ^in'."i'"" 

Hq.imh..... S  V^i^""»i'" 

*  (  .\ver;ijre 

Corresponilinof     iloiiiia  f  Miniiniira 

im 


0. 433 

0.9.11 

1.216 

1.  307 

1.50 

1.(55 

1.733 

1.867 


(  Minima 

<  M;ixiruu 
(  .\ver;ijr< 

jrresponilinof     iloiiiia  f  Miniinim 
tions  or  <'onipn'.<^>,M>n.'*.  <  M.ixiniur 

thouMundt  li.s         (,\vria;ro 

C  MiniuiuiT 

<  Maxiniur 
(  A  verajio 

ivc  H«M  tiou.  Si],  inchof 
ana  a  It  or  C  \lim:iiur 
r  font,  ot^  M  iximtii 
ction.    . .    i  Avrnmo 


10 

633 

15 


033 
167 
10 


Rcsiistan<  o  at  failure  on  f  Miniuium 
piiniitivo  section,'  Maximum 
pounds  per  sq  inch 

Minimum 
m 


Arcftof  juimitivc  hoc  tiou 
Kiductini  of  ar 

rui)fuii'.    j)cr 

])iimitivo  St 
Specific  gravity 
lI.lldTUss 


2, 

4. 
8. 

6r)000 
g:.ooo 

05000 
o 

2, 
2 

114480 

llOoCO 

115520 
15.70 
16.70 
16.20 
0.25 
33.00 
39.20 
36.40 


0.436 
0.903 
1.225 
1.372 
1. 552 
1.714 
1.762 
1.919 
2.716 
6.114 
8.667 
59000 
67000 
63170 
1.883 
2.116 
2.022 
109800 
117400 
113880 
10.00 
14.30 
12.30 
0  25 
36.40 
39.20 
37.80 
7.858 
24.78 


0. 433 

0.35 

0.43 

0.416 

0.908 

0.825 

0.894 

0  892 

1. 3(»8 

1. 142 

1. 226 

1.208 

1.586 

1  390 

1.377 

1.883 

1.684 

1.487 

1.546 

1.564 

1.85 

1.671 

1.715 

1.704 

1.87 

1.  725 

1.761 

1.729 

1.983 

2.  05)6 

1.984 

1.875 

4.276 

3.504 

3.013 

2.237 

1 

6.979 

6.067 

1 

11.075 

10. 170 

60000 

54000 

65000 

58000 

60000 

70000 

67000 

65000 

60000 

62250 

61750 

61750 

1.967 

1.70 

1.70 

1.833 

2.10 

2.30 

2.15 

2.05 

2.033 

1.975 

1.974 

LMO 

100000 
111160 
105730 
15.00 

101840 
114O00 
107390 
10.30 

19.  33 

17.88 

0.25 

10.67 

13.94 

0.25 

1.007 

1.00 

39.20 
52.20 
42.50 

27.60 

,  56.80 

42.90 

7.  8603 

24.79 

•  "• 

■  ••••-■• 

Tlio  values  adopted  from  the  results  of  tests,  as  above,  to  represent  the  elastic  properties  of  these 
met.  Is  in  computinfc  the  shiiukajjo  for  the  construction  of  the  jfuu  were  as  follows: 

Tsod  as  under  row  I  Ela.-.tic  limit.  52.610  poimds  or  23.5  tons  per  square  inch. 

inch. 


Hammered  hoops.  < 


r )  Ela.-.tic  limit,  52.610  poimds  or  23.5  tons  per  square 
.  5  Elastic  di8])la<'«-ment.  1.04')  thonsandtbs  per  linear : 


in  tloublf  hi>oping 

Uned  as  biuiilo  low  i  Ela.stic  limit.  51,520  pounds  or  23.0  tons  per  scjuare  inch. 

dlT-eclly  over  tube.  )  Ela>*iio  displacement,  1.61  thousandths  per  linear  inch. 

U.s(  d  as  outer  row  )  Elastic  limit,  48.832  p<»unds  «»r  21.8  tons  per  square  inch. 

indoubb'  hooping.  >  Elastic  displacement.  1.526  thousandths  per  linear  inch. 

Usod  ill  under  r<»w  )  Elastic  limit,  54,390  pouTiWa  or  24.28  tons  per  square  inch. 

in  double  lioopin;:.  >  Elastic  displacement.  1.70  th-msandths  per  linear  inch. 
Used  as  outer  row  i  Elastic  limit,  .50,000  pounds  or  22.32  tons  per  square  inch, 
in  double  hoopinir.  S  Elastic  dlsplacenu'nt.  1.5025  thousandths  per  linear  inch 
1  Special  ft)r  hoop  A,  i  Elastic  limit,  51,520  pounds  or  23.0  tons  per  square  inch. 
[    usod  in  outer  row.  >  PMasiic  displacement,  1.61  thousandths  per  linear  inch. 
Modulus  of  elasticity  (common  to  all),  32,000,064  pounds  or  14,286  tons. 


Rolled  hoops.  < 
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Inspection  report  of  experhnental,  steei,  8-4mch  B.  Lm 

[Extract  from  meMnmnMBti  of 


• 

Interior  diamoters. 

Hoop. 

Distance 

from 
marked 

face. 

NaL 

No.  2. 

Na8. 

Na4. 

Mean. 

Qeneral 
mean. 

Prescribed. 

Soom* 
trioity. 

ConioAl- 

t 

Inehtt. 
0.25 
4.125 

ao 

0.25 
8.75 

7   •>«> 

Inches. 

21. 999 
.999 
.999 

21. 9:>95 
.9990 
.9987 

21.  9975 
.9975 

23. 1U73 
.1975 
.  1975 

26. 29-5 
.  291H) 
.  29'.»0 
.  2'J90 
.  29;K» 

15.  7495 
.  74U5 
.  74'.H) 

17. 7.".U0 
.  7."'.'0 

15.  7498 
.  7493 
.  7490 

19.  7990 
.  79S7 
.7987 
.7990 

Incke: 

21.099 
.099 
.999 

21. 9985 
.9990 
.  lK>-8 

21.9975 
.  9975 

23. 1973 
.  1975 
.  1975 

26.  29"5 
.  2975 
.  2!»75 
.  2975 
.  29G5 

15.  7495 
.  7495 
.  7490 

17. 749 ) 
.7495 

15.749.J 
'      .7493 
1      .7490 

19.  7i)87 
.  79-5 
.79H7 
.7990 

• 

IneKet. 

2L999 
.999 
.999 

21. 9983 
.9990 
.9988 

21.  9975 
.9975 

23.  1973 
.1975 
.  1975 

26. 29.55 
.  29u0 
.  29fK) 
.  291)0 
.  2950 

15.75ii0 
.7195 
.711X) 

17.  7490 
.7490 

15.  7493 
.  74'J5 
.7490 

19.  7i»87 
.7987 
.7987 
.7990 

InchM, 

2L999 
.999 
.099 

21. 91LS3 
.9;790 
.9988 

21.9975 
.  9975 

23.1973 
.  1975 
.  1975 

26. 29'<5 
.  2H8t) 
.  29>0 
.  29!<  • 
.  2970 

15.75iK) 
.74i»8 
.7490 

17.  7492 
.  7495 

15.75<u) 
.  7495 
.745)0 

19. 7988 
.798,5 
.7988 
.79;M) 

Inches, 
2L090 
.999 
.990 
21. 9986 
.9990 
.9988 

Inches. 

Inches. 

Inekst. 

0. 

a 

0. 

0.0012 

0. 

0.0001 

0. 

0. 

0. 

0, 

0. 

0.002 

0.003 

0.003 

0.003 

0.004 

0.0005 

0.0003 

0. 

0.001 

0.001 

0.0007 

0.0002 

0. 

0.0003 

0.0002  ■ 

0.0004  ■ 

InOm. 

'o.'cooi 
"a 

0.0002 

*  «  •  •  •  •  • 

d."oooo' 

"o.'66o7 
'oToooi' 

o.'66m' 

a'ooM' 

Au.} 

21.099 

22.000 

V 

Aii-< 

2L0988 

22.000 

f:C   V.50 
lli    2.025 

21.  9975 
.9975 

23.1973 
.1975 
.  1975 

26.2978 
.  2970 
.  2970 
.2970 
.  2!>C9 

15.  7497 
.74ntf 
.7490 

17.  7493 
.  74'.»5 

15. 7496 
.7494 
.  7490 

19. 7988 
.7980 
.7986 
.7990 

21. 0975 

22.00<J 

.^X}.. 

W   5.875 

'(  aiJ5 

0  "5 

23. 1974 

23.200 

3.  50 

0.  75 

■     10.00 

!     13. 25 

0.  25 

•      3.92 

1      7.60 

C   0.50 

,}    2.00 

(    2.75 

'(   7.25 
1      0. 25 
i      4.19 
1      8.13 
12.08 

Bi..< 

26. 2975 

26.300 

f 
Di..- 

15.7494 

"17.7494' 
•  •  — 



'..'.'..   ..... 

""15.750" 

'""'17.756* 


15.7493" 
'  'io.  7988' 

""'15.750  " 

"""i9.8o6o 

............ 

0. 

Note. — Allowed  Tariations.    For  interior  diameters  (l>orinji;),  eccentricity,  conioalneM, 

SUMMARY  OF  MEASUREMENTS  FOR 


SatiJect 


A  row. 


Brow. 


Sinimlar 
hoops. 


Nnmbfr  of  hoops  in  row 

Grand  mean  diameter  of  row 

Mean  diametrr  of  larpo^t  hoop  in  n)W 

Variation  from  mean  of  row 

Meandiameter  of  smallest  hoop  iu  row 

Variation  from  imsin  of  row 

Maximum  dilFcrern'O  ttct  ween  mean  uiann-tors  of  hoops. . . 

Largest  sinule  diainetiT  mensun  <l  in  row 

Smallest  single  diameter  me.i.'^ured  iu  rt»w 1 

DifTorenoe  belwecu  largest  aud  smallest  single  diameters 
in  row. 


A4 


Ai 


Dimen*  ;    Sin  pilar 
sions.  hoops. 


Inches. 

(12) 
21.9991 
22.  0001 

0. 0010 
21.  9'.»75 

0.0016 

0. 0026 
22.<K>n5 
21.  9975 

0.0030 


lis 


Bi 


Bs— Bi 

BtandBi 

Bi 


Indkes. 

(10) 
26l2088 
2&2990 

0.0011 
26u29f5 

a  0013 

a  0024 
20l3005 
26.2030 

0.0066 
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Addenda  II. 


r}fle  No,  1,  manufactured  at  West  Point  Foundry, 
hoops  prepared  for  shriakage.] 


Length  on  qaadranto. 

No.  1. 

No.  2. 

No.  8. 

No.  4. 

Mean. 

Varia- 
tion 
from 
paral- 
lelism. 

Bemarks. 

Actual. 

Prescribed. 

Jnehet. 

Inches. 

Jnehet. 

Inehes. 

Inehes. 

Inehes. 

Inehes, 

' 

&35 

8.25 

Broccli  hoop.    Left  rough  at 
ono  end  to  finiah  when  on 

1 

. 

gun. 

7. 5015         7. 4995 

7.49d0 

7.5010 

7.6002 

7.60 

0. 0025 

\  Bore. 

J  Connterhoro.     Separate 
>     leni'tliH  of  boro  and  rbun. 

1 

0.0015 

8.627           8.C2(> 

a  627 

8. 6275 

&6269 

8. 625 

3     terbo  re  vcrifiod  by  gauges. 

1 

i 

ia508 

13.508 

13.508 

13.  508 

13.508 

13. 600 

0. 

Trunnion  hoop.     FiniHhodon 
extoiior  bc-lbre  shrinkage. 

7.8360 

"7.8300 

"7.8355 

7.8355 

7.83J7 

7.8330 

0.0005 
.*k  •  • . ... 

?  Countcrbore.    Longtli  made 
S     to  templet-gauiio  (2".5). 

>  Bore. 

1 

6.  0005 

7. 512U 

7.  5115 

7.  5115 

7.5115 

7.5110 

7.  5000 

1 

0.  0010 

The  lap  for  hoop  Ai  on  exte- 
rior of  thi.H  hoop  waa  com- 
plctclv  niado  alter  shrink- 
ago  of  hoop.     Exterion*  of 
D  auf\  C  hoops  (.sinjile  hoop- 
in  «i)  turned  to  conical  form 
before  shrinkn^^e. 

12.8310 

12.8300 

1-'.  8300 

12.  8300 

12. 8300 

12. 830 

1 

and  parallelism  of  ends,  0.003  of  an  inch :  for  lcn;;th  of  hoops,  0.01  of  an  inch. 
INTERIOR  DIAMETERS  OF  BOOPS. 


C  row. 


D  row. 


Singular 
hoops. 


Ci and  Cs 


C. 


Cs  «ad  S  —  Cs 
Cl 

Cs. 


Dimen- 
sions. 


Inehes. 

(0) 
15.7491 
15.  7494 

C.  0003 
15.7486 

0.0005 

0.0008 
15.  7oOO 
15.7475 

0. 0025 


Singular  [    Dimcn- 
hoopi4.         sions. 


Di 


Di 


Ds-Di 
Jh 
Di 


Inches. 

19. 7992 
19.799d 

0.  0004 
19.  7088 

0.0004 

0.0008 
10.  8003 
19. 7983 

0. 0020 


Remarks. 


All  hoops  (except  the  trunnion  hoop)  were  turned  before 
shrinkage  to  leave  a  surplus  of  0.1  of  an  inch  on  dUun* 
eters  larger  than  prescribed  for  the  finish. 

Note. — Tliis  addenda  is  an  extract  from  the  complete 
record  of  hoop  meaHuremont.**  made  preparatory  to  the 
shi  inkage  operations.  It  gives  a  sample  for  the  ordi- 
nary hoojm  of  each  row  and  the  several  counterbored 
hoops.  For  interior  diameters  a  set  of  four  was  meas- 
ured 0.25  of  an  inch  from  each  face,  and  other  sets 
(never  less  than  three  in  ail)  at  intermediate  points 
within  the  hoop  depending  upon  its  length.  One  length 
mea.Hnrement  was  made  between  the  faces  for  each 
quadrant  of  the  hoop. 
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Jntptetiw  n!port  iff  Mywiwotal,  ttael,  6-liiat  trttek  haJtwy 
IBeotrdol 


1 

■3 

J 

1* 
s 

CitoCi.oii  tul». 

BecoDd  ■(«e.-I)  nv  of  hoopa  on 
JuiketuidCrow. 

"^^'J^'Kjto'KE 

1 

^-ts"^'- 

1 

1 

if 
1' 

Enrdonlngoyl 

. 

"•SC" 

^^op^^CU.. 

I 

I>^iK«" 

ft 

ttou. 

^1 

1 

1 

"u™*" 

11. 

Z. 

■lite 

.SMI) 
.MM 
.2(10 
.3ICM 
.MKT 

.M79 

IndM. 

I<L 

IlMkM 

InAu 

T..!^ 

Inclm 

Hoop  An. 

Hoop  A,,. 

.m» 

isjt:: 

.9M 

H..PA... 

.«■ 

S.40M 

.ms 

!lo7g 
.4078 

:«T8 

'.W7b 

.tan 

:«7i 

:««73 

Jiuktt. 
-do.... 
..do... 
..do   -., 
..do... 
..do.... 
..do   -- 
..(!o.... 

i^doi!!! 
..do.... 
..do.... 

.do.-.. 

do... 
..do.... 

..S::::: 

.  du,... 

::S::::: 

..ilo.... 

:t:-. 

..do.... 

..do-,.. 
..do... 

:m3 

'.tH9 
'.MS 

:«M 

'.OM 

i 
f 

.oil 

.010 

[I.OOU 

ioojs 

Est;: 

1:5 

ioij 

li 

low 

-OuM 
.OOM 

.MM 

iuoM 

.vofia 

s 

.OOifi 

:| 

:«i7a 

.0083 

'.ma 

'.W7» 
.0080 

■SI?" 

.0078 

;oo»s 
.»«$ 

.0003 
.0M3 
.0013 

Hoop  Am  . 

.w 

HoopA». 
Hoop  A... 

n'-uM 

Hoop  A... 

.am 

Hoop  A... 

Hoop  A,.. 

Z3L000 

UNO 

Hoop  A... 

U.MB 

:!S':t;::. 

'.0;\    '.na 

::::::: 

^t:: 

ILM* 

S 

.«Ma,..do...        .Ml  i  .013 

.mm  ..da...      .usi    .01] 
.juu'..da  ..       .uai    .oi: 

::::::;:: 

;^'^'.:: 

.ow 

.<uu    ..do   .. 

hmpaI;: 

.9Ba 

3L0M 

.OGI 

'.m 

ill 

!0B1 

iois 
'.oa 

'.na 

.011 

.*1V! 

..do-... 

Hoop  A... 

.018 

..do,.-. 

i^t:- 

tLM 

,  do  . . . . 

■1  ■ 
::do:.:; 

Okooea 
.wrs 
.00-0 

.aw 
"Viii' 

■3 

:"■;: 

:::::: 
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Third  .tBj;i-.- 

Jacket 

Poortli  lOgs.— B  row  of  boopi  on  A  nv ! 
boopaCtoCiOntabe. 

1 

|i 
1 

4 

bore. 

Enysloplng  oylin- 
der. 

s 

"^""■bo^.     " 

UmmAm. 

i 

1 

D«lgn^ 

tlOD. 

% 

1 

1 

In, 

IneUi. 

Ol'odSO 
.0068 

'.mi 
:oo63 

:ooM 

.UMB 
!0O93 

!0060 

!khw 

.0058 

.ooeo 

.0009 

'.mi 

:oiia 
;ooM 

0,(HfflO 

!do3s 
!oo40 

!004S 
.0048 

iooao 

.0070 

.0118 
.0180 

!oio« 
.0100 

ioioo 

:oi28 

loiits 
:a]38 

iii 

Intlut. 

In. 

Inchu. 

InoJUi. 

in. 

1 

»1 
U7 

i 

241 
340 

!S8 

33A 
236 

233 

239 

1!« 

230 

233 

231 
230 

IIT 

214 

i 

208 
107 

i 

102 
201 
200 

IM 

i 

<»3 
OU 

M3 

m 

033 

033 
033 
033 
088 

033 
033 

033 
033 
032 

038 

033 
033 

034 
034 

034 

ou 

033 
034 

Od» 

DIS 
03S 
V3i 
085 
034 
(H4 

ost 

OM 
014 
OH 

ost 

084 

BoopBitli 

30.2si' 

ioji 

.017 

iois 

'.m 

.OM 
.084 

.084 

!033 

1031 
.031 

'.033 

'.m 
'.tai 

:o33 

^033 
.033 
.034 
.034 

:033 
.033 

■.036 
.036 

!036 
.036 

.084 
.034 
.OH 
.034 
.0)3 
.033 
.088 
.088 
.033 

'.nu 

0.0007 

ioOIT 

.ooao 
ioois 

!0028 

0.0080 

!0037 
.0038 

!0038 
.0048 

:0047 

;oM2 

.0048 

!<I036 
.0037 
.0041 
.0033 

:0030 
.0066 

!0O25 

!0030 
.0033 

.'0032 
.0034 

loow 

?0040 
.0037 

d."oi8o 

:oi7o 

iolBS 

:oi*5 

.0146 

!oi4a 

:0143 

.0138 

;oi34 

.0148 
■.016S 

'.urn 

!oi«3 
.oien 

;oi7o 

ioios 

:oiS7 

:oiS7 

Onr  breeob-noHo  of  Jaok- 
«.     Shrink**,  of  iom 
Bit  and  part  of  B,  mods 
nliUTnl;  Ugbt  u  a*old 

HoopBi... 

.108 

ondrfB,.«^JVothoho<» 

SSI,-:: 

.800 
18.188 

HoopB..- 

.3W 

HoopBi  .. 

HoopB.... 

.288 

38.800 

UoopB.  - 

.2» 

UoopB,... 
HoopB,... 

.300 
80.288 

HoopB,.. 

.2» 

Hii^Bi::: 

BoopBi.. 

,i.t 

OvBtohambflrofBib.. 

HoopB.... 

.m 

HoopB... 
HoopB... 

.200 

10.188 

h"»pb;::: 

-:m 

, 

HoopB^"! 
Hoogfl..- 

aim 

HiopB.-:; 

.188 

o-'joio" 

:oo36 

.0107 

Ions 

HmpB."'.' 
HoopB... 

".29»' 

20.108 

0.0030 
.OOM 

:oo28 

:S 
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HDdC 

of  lioopa  00 
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1 

Enrelonlnjicrl. 

i 
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1 

1 
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1 

KoTeloninitcrl- 

1 

"T^- 
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lioo. 

i 

& 
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i 

D^J^ 
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8J 

08 
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71 

■H 
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.0U68     .<lo... 

.aaea  ..do.-. 
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.U31 

Ih. 
'.OH 

'.tis 

'.OH 

In. 

:::::: 

laeht,. 

I«A« 

HoopAi.. 
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'iiaopAi'! 
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is 
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Addenda  IV. 

rifle  No,  1,  manufactured  at  West  Point  Foundry. 
age  opeimtions.] 


Openings  at  Jointa  on  ooolingS 


O 

H 


In, 


0.28 


0.004 


0.004 
0.012 


Csfi 

2 


i 
a 
& 


In. 


0.008 


In, 


0.013 


0.013 


O.OOd 


0.004  I     0.004 


0. 004      

0.004       0.004  ,     0.004 


0.005 
0.  012 


2 


In. 


0.012 


0.013 


0.004 
0.004 


0.004 
0.004 


0. 004  0. 005 

9.012  ,  0.012 

'  0.003  ,  0.  U04 

0. 0(14   0.  003  0. 004 

0.007  ; '  0.005 

;  0.007 


•l 


I 


0.  005 
0.  005 
0.002 
0.007 
0.007 


0.003 

'6.'605 
0.008 


0.004 
0.  005 
0.  008 


0.005 
0.010 
0.  005 
O.OU 
0.  (Mi9 
0.004 
0.007 
0.  OOfl 
0.  (00 
0.007 


0.004 


0.005 
0.  005 
0.  005 
0.010 
0  Ot  6 
0.005 
0.  005 
0. 000 
0.  005 
0.007 


0.007 
0.005 
0.008 


0.007 
0.010 
0.  005 
0.014 
0.  000 
0.  004 
0.  005 
0.006 
0.  007 
0.007 


I 

► 


In. 


0.02 


0.01 
0.003 
0.003 
0.003 


0.003 


0.004 


0.004 
0.004 


0.004 
0.012 


0.004 
0.004 
0.004 
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Do. 
Apparent  contact  at  points  aronnd  top. 
Very  clone  at  top,  ipcreaaiug  thence  around  to  left. 

>  Apparent  contact  about  top  of  Joint. 

Apparent  contact  at  top  of  joiut. 
Apparent  contact  at  to])  and  bottdni  of  Joint. 
App.'irent  contact  at  top ;  0".003  in  n]»i)er  quadrants. 
Good  spray  from  ijiprinlilcr  for  As  ami  following. 


Top  of  joint  closed  at  points. 
Top  of  Joint  closed  at  points. 
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InspeeiUm  report  of  ejeperimentalf  tteel^  Mmek  hre&eh'hHUUmg  ryu  No.  1,  jfo.— CoDtinoed. 
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CONSTRUCTION  BEPOBT  OF  8-INCH  YATES  B.  L.  BIPLE  (CONYBBTED). 

By  Capt.  D.  a.  Ltlb,  Ordnance  Department. 

This  rifle  is  a  conversion  from  10-inch  Rodman  smooth-bore  gun  No. 
182  (W.  P.  F.),  by  lining  with  a  Nashua  steel  tube,  screwing  a  east-iron 
extension  piece  on  the  muzzle,  and  attaching  a  breech  mechanism  of 
Midvale  steel. 

NOMENCLATURE. 

1.  Cast-iron  body  (10-inoh  Bodman  S.  B.  gun). 

2.  Extension  piece  (of  cast  iron,  to  lengthen  the  muscle  of  piece). 

3.  Steel  tube. 

4.  Securing  pin. 

5.  Breech  clamps  (2  of  Midvale  steel). 

6.  Breech  clamps  assembling  (bolts)  (8). 

7.  Firing-pin  recess. 

8.  Firing-pin. 

9.  Firing-pin  spring. 

10.  Firing-pin  bushing. 

11.  Hammer. 

12.  Hammer  plyot. 

13.  Latch. 

14.  Latch  spring  and  pivot. 

15.  Latch  point. 

16.  Cam  lever  and  pivot. 

17.  Cam  pins  (2). 

18.  Cartridge  head  (bronze). 

19.  Steel  bushing  for  seat  of  priming  cartridge. 

DBSORIPTION  AND  FABRICATION. 

The  tody. 

The  body  is  the  ordinary  10-inch  Bodman  S.  £.  gan^  pierced  through 
at  the  breech  and  bored  oat  to  a  diameter  of  10.5  inches  the  whole  len^h 
for  the  reception  of  the  steel  tube. 

The  rear  end  of  the  casing  is  counterbored  to  a  diameter  of  12  inches 
for  9  inches  from  the  rear  end,  to  accommodate  the  shoulder  of  the  tube. 
The  front  end  has  a  screw  tenon  cut  upon  its  exterior,  to  which  the  ex- 
tension piece  is  fitted.  This  extension  piece  has  its  interior  bored  to 
correspond  with  the  casing. 

The  exterior  of  the  casing  in  rear  of  the  trunnions  is  turned  down  to 
a  diameter  of  28  inches  between  the  shoulders,  and  to  a  diameter  of  30 
inches  measured  over  the  first  two  shoulders,  and  to  29.9  inches  over  the 
rear  shoulder. 

Three  projecting  annular  shoulders  are  left  on  the  exterior  to  engage 
corresponding  bearing  surfaces  on  the  interior  of  the  steel  breech  damps. 
The  planes  of  these  shoulders  are  perpendicular  to  the  axis  of  the  pieoe* 
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The  longitadinal  sections  of  these  annular  fillets  are  trapezoidal.  The 
top  of  the  rear  shoulder  merges  into  the  curved  surface  of  the  breech  by 
a  surface  whose  radius  is  11  inches.  The  radius  of  the  breech  is  34 
inches.  The  shoulder  of  the  casing  in  front  of  the  clamps  is  curved  in 
longitudinal  section. 

The  tube. 

0 

The  tube  is  made  of  Nashua  steel  and  is  cylindrical  upon  its  exterior. 
The  cylindrical  shoulder  at  the  rear  end  has  a  greater  diameter  than 
the  rest  of  the  tube.  The  tube  is  a  mechanical  fit,  with  an  allowed 
,2)lay  of  0.003  inch  and  was  inserted  by  pressure.  The  tube  is  kept  frmn 
turning,  under  the  action  of  firing,  by  the  insertion  of  a  securing  pin  in 
the  under  side,  3  feet  6  inches  in  front  of  the  axis  of  the  trunnions.  This 
])iece  engages  the  steel  tube  in  a  recess  0.25-inch  in  depth.  The  8-indi 
bore  has  poly  groove  rifling,  with  an  equal  number  of  lands  and  grooves. 
The  chamber  is  concentric  with  the  bore  and  is  formed  of  3  conical  and 
2  cylindrical  surfaces.  The  grooves  run  out  in  the  first  conical  sarfiuse, 
which  forms  the  throat  of  the  chamber.  The  rear  end  of  the  chamb^ 
is  cylindrically  counterbored  for  .45-inch  to  furnish  a  recessed  seat  for 
the  head  of  the  composition  loading  tube  or  <<  cartridge  head."  The  rear 
conical  surface  (11.7  inches  long)  just  in  front  of  the  counterbore  forms 
the  seat  for  the  longitudinal  walls  of  this  ^'cartridge  head"  and  has  its 
taper  adjusted  to  facilitate  the  removal  of  the  latter. 

A  vertical  slot  is  made  in  the  lower  edge  of  the  rear  end  of  the  tabe 
to  enable  the  projecting  rim  of  the  cartridge  head  to  be  gripped  and 
started  in  case  of  its  sticking. 

The  two  breech  clamps. 

These  are  symmetrical  in  form  and  are  made  from  castings  of  Mid- 
vale  steel.  The  exterior  of  the  clamps  is  cylindrical,  and  roanded  in 
rear  to  embrace  and  clasp  the  breech  like  a  shell.  They  are  hdd  to- 
gether in  front  by  two  assembling  bolts,  one  above  and  one  below, 
which  are  screwed  into  the  cast-iron  casing.  These  bolts  pass  through 
eye-holes  in  the  ears  that  project  from  the  front  edges  of  the  damps. 
The  interior  cylindrical  surfaces  of  the  clamps  have  annular  grooves 
tut  out  to  correspond  with  the  fillets  in  the  casing. 

A  zone,  18.2-inches  in  diameter,  and  lying  symmetrically  about  the  axis 
at  the  bottom  of  the  inteiior,  is  spherosegmental  in  shape  and  is  joined 
to  the  cylindrical  portion  by  a  surface  with  a  radius  of  8  inches,  to  corre- 
spond with  similar  surfaces  cut  in  the  breech  of  the  casing  and  tube. 

The  exterior  of  the  clamps  is  cylindrical  over  the  seat  of  the  charge, 
and  is  terminated  at  the  rear  by  curved  surfaces  with  radii  of  32  inenes 
and  11  inches  (corners),  which  form  the  breech  of  the  gun. 

One  clamp  has  a  cylindrical  lug  at  the  center  of  the  rear  end,  to  form 
the  seat  for  the  firing  pin,  which  is  placed  in  the  prolongation  of  the 
axis  of  the  piece.    A  corresponding  recess  is  cut  in  the  other  clamps. 

The  axial  portion  of  the  base  of  the  clamps  receives  the  pressure  ex- 
erted upon  the  ^^  cartridge  head  "  in  firing,  and  transmits  it  throogh  the 
medium  of  the  cylindrical  walls  of  the  ckimps  to  the  annular  shoulders 
on  the  body  of  the  cast-iron  casing. 

The  cam  lever. 

This  is  pivoted  beneath  to  the  body  of  the  gun  and  has  two  curved 
slots,  or  cams,  one  on  each  side  of  the  pivot.    Projecting  pins  sovewed 
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iuto  the  body  of  the  clamps  engage  these  slots  and  act  as  bearing  sur- 
faces for  the  cam  slots  in  opening  and  closing  the  breech  mechanism. 
The  lateral  swing  of  the  clamps  is  sufficient  to  uncover  the  rear  end 
of  the  chamber  and  permit  the  insertion  of  the  charge.  The  handle  of 
this  lever  extends  to  the  rear  and  is  intended  to  be  operated  by  one 
man. 

The  hammer. 

This  is  pivoted  to  the  rear  of  one  of  the  breech  clamps,  and  is  de- 
signed to  strike  the  firing  pin  for  the  purpose  of  exploding  the  .22  cal- 
iber pistol  cartridge  which  ignites  the  charge  and  replaces  the  ordinary 
friction  or  electric  primer.    It  is  actuated  by  a  lanyard. 

The  latch. 

This  is  a  hooked  lever  fastened  to  one  clamp  above  the  center  of  the 
breech  and  catches  upon  a  pin  in  the  other  clamp  when  the  mechanism 
is  closed.    It  is  retained  in  place  by  a  fiat  steel  spring. 

The  firing  pin. 

This  is  of  sufficient  size  to  cover  the  entire  head  of  the  pistol  car- 
tridge in  firing  and  thus  obviate  the  danger  of  misfires  in  side-primed 
cartridges.  A  slight  beveled  surface  on  the  firing  pin  seat  is  so  ad- 
justed as  to  press  the  cartridge  home  in  closing,  in  case  it  be  not  prop- 
erly inserted,  to  avoid  the  danger  of  premature  explosions  while  clos- 
ing the  breech  mechanism. 

The  spiral  firing-pin  spring  is  intended  to  retract  the  point  of  the 
firing-pin  and  bring  it  flush  with  the  interior  face  of  the  breech  clamp 
after  firing. 

The  cartridge  head. 

This  is  made  of  composition  metal  or  bronze.  It  resembles  a  metal- 
lic cartridge  case  for  small-arms  in  exterior  form.  The  surface  of  the 
head  is  curved  to  correspond  with  the  breech.  The  bottom  on  the  in- 
terior is  hemispherical,  with  a  radius  of  4  inches.  It  is  pierced  axially 
to  receive  the  pistol  cartridge  for  igniting  the  charge.  The  firing-pin 
hole  is  reinforced  in  rear  by  a  steel  bushing  to  prevent  injury.  This 
device  forms  the  gas-check  for  the  gun. 

PRINCIPAL  DIMENSIONS. 

Inches. 

Total  leDgtli  of  gun •- 168 

Total  leDffthofbore 160 

Length  of  rifled  portion  of  bore 135.25 

Diameter  of  bore 8 

Chamber ;  diameter  of,  first,  or  forward  cone :  front  base 8 

rear  base 8.19 

first  cylinder 8.19 

second  cone:  front  base 6.19 

rear  base 8.25 

second  cylinder 8.25 

third  cone:  firoiitbase , 8.25 

rear  bate • 6.67 

connterbore 9.25, 

Chamber;  length,  first  cone v 1.6 

first  cylinder 1.45 

second  cone 1.5 

second  cylinder 8.5 

third  cone 11.25 

connterbore 0.45. 
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Total  length  of  chamber M.75 

Tube;  eonerior diameter:  ftontend 10l5 

at  shoulder 10l5 

thioknessof  steel  walls L86 

•ylindrioal  shoulder,  exterior  diameter UlOO 

length 9.00 

thickness  of  steel  walls 1.695 

Casing;  diameter  at  muzzle :  exterior 14.96 

interior 10.5 

thickness  of  walls 9.83 

exterior  diameter  at  seat  of  charge,  top  of  shoulder 30.00 

bottom  of  shoulder 98.00 

total  thickness  of  metal  (iron  and  steel)  at  seat  of  charge 9. 875 

Breech  clamps  (two)  : 

Radius  of  base  of  breech  (outside) 39.00 

comers  rounded,  radius  of 11.00 

Radius  of  bottom  of  breech  (inside) 34.00 

comers  rounded,  radius 8.00 

Thickness  of  metal  at  bottom 8.00 

Cylindrical  part,  diameter;  exterior 33.4 

interior  across  shoulders 98.0 

interior  across  grooves 30.0 

thickness  at  shoulders 9.5 

at  first  groove 1.68 

at  second  groove 1.58 

at  third  groove 1.75 

Number  of  recoil  shoulders  (casing  and  cuuxips) :  Three  each. 

Measured  longitudinally : 

T  ^^,m4'V*  ^r  .».«wv»A  ;«  »»«:«»  ^  *t  bottom 3.0 

Length  of  groove  m  casing  I  g^f^^^^ 4^0 

oi»,»»o  )  at  bottom 3.5 

clamps^^^^^p 4.5 

Length  of  shoulder  in  casing  ^  **>®P 3.0 


at  bottom 4«0 

at  top 9.5 

at  bottom 3.5 


'  Cartridge  head,''  or  loading  tube : 

Exterior:  total  length .' 19.00 

length  of  liead,  cylindrical  part 0.45 

base 0.30 

length  of  body 11.95 

diameter:  front  end 8.95 

rearend 8.67 

bead 9.95 

radiusofbase 34.0 

Interior:  total  length 11.0 

diameter,  conical  part :  front  base 8.05 

rearbase 8.0 

radius  of  bottom 4.0 

Thickness  of  metal :  front  end 0.10 

at  bottom  (on  axis) 1.0 

WEIGHTS. 

Powida. 

Total  weight  of  gun 18,540 

Weight  of  clamps 3,458 

Weight  of  cartridge  head,''  or  loading  case 48.5 

Preponderance,  muzzle 397 

RIFLING. 

This  is  polygroove,  with  an  equal  namber  of  lands  and  grooveB. 

Number  of  grooves 45 

Grooves,  width inch..  0.3884 

depth do...  0.06 

bottom  rounded  with  radius  of do...  01.06 

Lands,  width do...  0.17 

rounded  with  radius  of do...  0.01 

Twist,  uniform,  one  turn  in feet. 
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VENTINO. 


The  vent  is  axial.  The  charge  is  ignited  by  a  pistol-ball  cartridge 
(caliber,  .22-inch),  seated  in  a  steel  bnshing  in  the  ^^cartridge  head,''  or 
loading  case.    The  cartridge  is  exploded  by  a  blow  from  the  firing- pin. 

MARKS. 

The  marks  on  the  muzzle  are:  "8''  Yates— S.  B.  I.  W.— 1884.— D.  A. 
L.— wt.  18540  lbs."  The  tnbe  has  '^Nashua  steel"  marked  on  the  muz- 
zle. The  clamps  have  ^^  Mid  vale  steel"  marked  on  each;  and  ^^Yates 
Patent,  June  28, 1881"  under  the  firing-pin  seat. 

PHYSICAL  PROPERTIES. 

Steel  (Midvale)  in  the  clamps. 

The  following  data  regarding  this  material  was  ftirnished  by  Colonel 

Yates: 


If  nmber  of 
castiiig. 

Elongation. 

ElMtio  limit 

Tenacity. 

417« 
4219 

PercetU, 
6.5 
8.5 

lAs.periq.in. 
41.750 
48,671 

Lb9.p€r  tq.  in, 
87,848 

NASHUA  STEEL  TUBE. 

• 

Six  specimens,  marked,  respectively,  A,  B,  G,  D,  E,  and  F,  have  just 
been  turned  over  by  the  South  Boston  Iron  Works,  who  state  that  they 
are  informed  by  the  Nashua  Steel  Works  that  these  specimens  were 
taken  from  the  upper  end  of  the  sinking  head  of  the  ingot  from  which 
the  tube  was  made,  and  at  distances  from  the  center  corresponding  to 
the  distances  of  the  walls  of  the  tube  from  that  point.  The  specimens 
have  been  sent  to  the  commanding  officer  of  Watertown  Arsenal. 

Dimensions  of  specimens :  Length,  5  inches,  and  1.15  inches  square. 

REMARKS. 

The  first  tube  ordered  for  this  gun  was  furnished  by  Firth,  of  Eng- 
land. The  tube  had  sprung  in  tempering.  An  attempt  was  made  to 
remedy  the  curvature  and  produce  a  straight  bore.  In  doing  this  the 
caliber  was  increased  so  much  that  the  inventor,  Golonel  Yates,  rejected 
it  for  erroneous  dimensions.  The  new  tube  was  procured  from  the 
Nashua  Steel  Works  and  proved  to  be  free  from  apparent  cracks,  flaws, 
and  blow  holes. 

The  first  set  of  castings  for  clamps  furnished  by  the  Midvale  Steel 
Works  was  rejected  by  Colonel  Yates  for  defects  of  material.  The 
second  set  from  the  same  parties  showed  some  defects,  especially  upon 
the  exterior,  most  of  which,  however,  would  have  been  removed  in 
turning  had  not  a  mistake  been  made  in  turning  the  interior  out  to  a 
greater  diameter  by  0.9  of  an  inch,  cutting  out  just  so  much  of  the  sound- 
est metal.  To  compensate  for  this  error  Colonel  Yates  directed  that  a 
greater  thickness  of  metal  be  left  on  the  exterior  than  originally  in- 
tended. This  change  diminished  the  amount  of  metal  to  be  taken  from 
the  outside,  and  the  turning  failed  to  remove  the  bad  spots  on  the  ex- 
terior. 

Boston,  Mass.,  December  31, 1884. 
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Bepari  of  inspection  and  proof  of  S-inok  Tate$  £,  L.  rifle  Xo.  1,  converted  from  m  10-iadk 
Modman  S.  B,  gun^  at  the  South  Boston  Foundry,  under  contract  dated  8epi«mher  10, 
1883. 


Sabject  of  measnrement. 


Total  lengtli  of  ffOD 

TotalleiiKthof  Dore  (andtabe) 

Lengthof  rifled  portion  of  bore 

Total  length  of  (Miamber 

Dbuneter  of  bore 

Chamber  diameter: 

First  oone,  ftont  base .. . 
rear  baae 

First  cylinder 

Second  oonc,  front  base 
rear  baae.. 

Second  cylinder 

Third  oone,  front  baae. . 
rear  base... 
Connterbore 


Lenffth 

First  oone 

First  cylinder 

Second  cone. 

Second  cylinder 

Third  oone 

Connterbore 

Tnbe^— exterior  diameter— front  end 

at  shoulder 

thickness  ■ 

Cylindrical  shoulder— exterior  diameter . . 

lenfrth 

thioknesss  of  walls 

Extension  piece,  length 

diameter,  front  end 

rear  end 

length  of  screw-thread 

pitch  of  screw 

PUyoftube 

Casing,  length 

diameter,  fh>nt  shoulder 

screw-thread 

length  of  screw 

pitch  of  screw  * 

ooonterbore-diameter 

depth 

Interior  diameter  of  casing 

Breech-clamps,  weight  of  clnmps : 

Total  length 


Dfananaioiia. 


Prescribed. 


Actual 
yariAtkMia. 


Thickness  of  metal  over  grooves. 


over  shoulders. 


Number  of  shoulders 

Distanoe  between  faces 

Clearanoe 

Total  length  of  casing 

Diameter  of  casing  at  seat  of  charge — top  of  shoulder  t . . . 

bottom  of  shoulder 

Thickness  ofmetal  at  seat  of  chaiige 

Breech<claapa : 

Number 

Length  fhmi  pivot 

Radius  of  outside,  breech 

inside 

Thickness  of  metal  at  bottom 

Radiua  of  breeoh  of  gun-body    

Comers  rounded  with  radius  of 

Corresponding  radius  inside  of  clamps 

Radius  of  breech  of  clam  ps  

Comers  rounded  with  radius  of 

Diameter  of  pivot  bolt-holes  in  caHing 

Depth  of 

Distance  from  breech  of  casing 


2. 

50.40 

32.0 

84.0 

8.0 
34. 

«. 
84. 
82. 
1!. 

2.M 

2.0 
84. 


2. 

5a40 
32.0 
84.0 

7.0 
84. 

& 
84. 
82l 
IL 

2.50 

2.0 
84. 


0 
0 
0 
0 
^1 


*  Nine  threads. 


t  Diameter  over  third  shoulder  k  28.'^ 


REPOBT  OF  THE  CHIEF  OF  OBDNANCE. 


^0.— Continaed. 

ADtlUl. 

.ffiSL 

PiTolWti; 

LB 

'i. 

lis 
La 

S.D 
J5.S 
B.I} 

il, 

1  . 
o.s 

10.  T 
LT 

JS 

4. 

IndM. 

E.U 
LB 

e. 

47. 

1. 

I.B 
}'l.«l 

sl 

1S.6 

«.o 

i? 

Biol 
1. 

*. 

10.7 
0.7 

t!j 

fl.1 

L3 

o.ais 
a.2B 

4. 

Lis 

AMJtat. 

Welrtt POUihU.. 

Cud-pWot: 

Latch : 

^""DTZ.i«ta.d 

«™^t^ih     

.oa 

.M 

0.3BM 
.0» 

.00 
!oi 

^tii^     

11. 
0.4E 
.VS 

8.07 

IL 

s.oe 
s. 

4. 
0.10 

I.* 

w. 

a4B 

-OS 

II 

34. 

b!oi 
& 

4. 
0.10 

8.«B 

197.  a 
tn 

0.27 
0.021 
8. 

1™ 

D*™"*' J!lS«Si.:: 

CI.S7 
0.825 

a.a 
o.g» 

L( 
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Phffiicml  prcperties. 


Specimen  (Mldvale  iteel). 


Clamps: 
No.  4170 
No.  4310 


Tenacity. 


88.500 

87,848 


KUstIc 
limit. 


41,750 
43,001 


Blonsatlcn 

permch 

atraptare. 


PercmU. 
8.5 
&5 


i    ColoMlTa' 


Tube :  Naahna  steel ;  six  specimens  sent  to  Watertown  Arsenal  this  week. 

I  certify  that  the  foregoing  report  is  correct,  and  that  the  Yates  8-inch 
B.  L.  rifle  therein  specified  has  been  accepted  by  me  as  conformioff  to  the 
standards  as  to  dimensions,  quality  of  material,  and  character  of  work- 
manship prescribed  by  Colonel  Yates,  U.  S.  A. 
December  31, 1884. 

D.  A.  LYI.S, 
Captain  of  OrdnancCj  Inspedar. 


Becord  ofmeasurementM  with  star-gauge  and  calipers  ofS-inch  Yate$  B,  L.  rifle  (oMHMrfei) 

Xo,  1. 


• 

Diameter  of  bore 

o 

Diameter   of 

•§             of  casing.            .                   bore. 

H 

3 

s 

a    - 

a 

Id 

h 

• 
OB 

OB                      ^ 

^         3 

8    ;    1 

rtlcal. 

terior    d 
tnl 

1           § 

3 

1 

1     i 

^ 

• 

M 

o              o 

Q 

H 

> 

H 

<  i  < 

Inches. 
♦1 
*2 

Inckss. 

Inches. 

Inches. 

1 

*8 
*4 

5 

•  •               •    >    B    a    ■ 

•  ••••     •     •*• 

10.490 

i6.'408 

i6.'480' 

&007 

a  112 

8 

10.400 

10.408 

10.404 

&001 

a  112 

7 

ia408 

10.498 

10.402 

8.001 

a  112 

8 

ia408 

10.408 

10.402 

8.001 

a  112 

0 

10.408 

10.498 

10.404 

a  001 

a  112 

10 

10.4085 

10.406 

10.402 

aoo25 

a  112 

11 

10.408 

10.408 

10.494 

8.003 

a  112 

12 

10.400 

10.408 

10.494 

8.003 

a  112 

18 

10.488 

10. 498 

10. 401 

aoo2 

a  113 

14 

10.408 

10.408 

10.402 

a  001 

a  112 

15 

ia4e8 

10.498 

10.492 

a  001 

a  112 

18 

ia408 

10.407 

10.401 

a  001 

a  112 

17 

ia408 

ia497 

10.402 

a  0015 

a  112 

18 

10.4075 

10.497 

10.404 

a  001 

a  118 

10 

10.407 

ia407 

ia402 

a  001 

a  112 

20 

10.407 

10.406 

ia404 

a  001 

a  113 

81 

ia407 

10.406 

10.504 

aooo5 

a  113 

S8 

10.407 

ia406 

10.403 

a  001 

a  118 

28 

10.407 

10. 407 

10.403 

aooo5 

a  118 

84 

10.407 

ia406 

10.404 

a  0005 

a  113 

85 

10.407 

10.406 

10.402 

aoooo 

a  113 

88 

10.407 

ia405 

ia402 

aooo5 

a  1125 

27 

ia407 

10.405 

10.402 

aoooo 

a  lis 

28 

ia407 

ia405 

ia4e4 

7.0005 

a  118 

20 

10.406 

10.405 

10.404 

aoooo 

a  118 

80 

10.487 

ia406 

10.404 

aoooo 

a  118 

31 

10.407 

10.405 

ia402 

7.0005 

a  118 

88 

10.408 

10.406 

10.404 

aooo5 

a  113 

88 

ia407 

10.406 

10.402 

aoooo 

a  118 

84 

10.408 

ia4oe 

10.404 

aoooo 

a  118 

85 

10.406 

10.407 

10.404 

7.0005 

a  114 

• 

Diameter  of  bore 

^ 

Dtanttor  of 

73              of  casing. 

1 

bon. 

K 

a 

'i    ^         ^ 

1 

f 

4  ^ 

g 

• 

M 

1 

1 

1    o 

» 

f 

H 

^ 

^ 

1  Inches. 

Inches. 

In^es. 

Inchm, 

InOkm. 

^^^_ 

36 

10.400 

10.407 

10.404 

7.0005 

&U4 

i          37 

10.500 

10.407 

ia404 

7.000 

&U4 

38 

10.500 

10.406 

10.404 

7.000 

&1M 

30 

10.500 

10.408 

10.404 

7.000 

&U4 

40 

10.400 

10.406 

ia454 

7.000 

&U4 

41 

10.408 

10.408 

10.404 

7.000 

&1U 

42 

10.4075 

10.408 

ia403 

7.000 

&114 

1         48 

10.4075 

ia408 

10.483 

7.006 

flLlM 

44 

10.4975 

10.407 

10.404 

7.0069 

&U4 

4;» 

10.408 

10.407 

10.404 

7.006 

61114 

46 

10.408 

10.407 

10.404 

7.006 

6LU4 

47 

ia408 

10.497 

10.404 

7.0065 

&U4 

48 

10.408 

10.407 

ia404 

7.006 

6LU4 

40 

10.4075 

ia407 

10.404 

7.006 

&U4 

50 

10.407 

10.407 

10.405 

7.006 

&U4 

51 

10.407 

ia407 

10.404 

7. 908 

&U4 

52 

10.407 

ia407 

ia404 

7.006 

&n5 

53 

10.497 

10.407 

ia4os 

7.006 

&1U 

54 

ia497 

10.4975 

10.404 

7.007 

&U6 

55 

10.407 

10.4075 

ia404 

7.006 

aiu 

56 

10.407 

10.408 

ia404 

7.006 

&1U 

67 

10.497 

10.406 

10.404 

7.006 

a  114 

58 

ia407 

10.407 

10.404 

7.008 

a  114 

50 

10.407 

10.407 

ia404 

7.006 

au4 

60 

10.407 

ia407 

10.405 

7.8086 

a  114 

61 

ia407 

10.407 

10.405 

7.000 

au4 

62 

10.407 

10.407 

ia404 

7.8066 

a  114 

63 

10.408 

ia407 

ia408 

7.806 

au4 

64 

10.407 

10.407 

10.404 

7.8085 

au4 

65 

10.407 

ia407 

10.404 

7.8085 

au4 

66 

10.407 

10.407 

ia404 

7.0086 

a  114 

67 

ia407 

10.407 

10.404 

7.8066 

a  114 

68 

ia407 

10.487 

10.404 

7.06O 

au4 

60 

ia498 

10.407 

ia404 

T.06O 

au4 

70 

10.408 

ia407 

10.404 

7.068 

a  114 

*  Hassle  of  extension  pieoe  cut  off  flash  with  end  of  tabe. 
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Appendix    20. 


REPORT  OX  THE  COXSTRUCTION  OF  A  PROOF-CARRIAQE  FOB  A  lO-OTCS 
BBEECH-LOADIXQ  STEEL  RIFLE,  WITH  ATTACHMENTS  FOB  MOUNT- 
ING AN  Q-INCH  RIFLE,  MADE  AT  THE  WEST  POINT  FOUNDBT. 

By  Lieut.  D.  A.  Howard,  Ordnance  Department. 

(4  plates.) 

This  carriage  was  contracted  for  July  8,  1885,  and  it  was  completed 
and  ready  for  tinal  inspection  February  10,  1880. 

It  was  constructed  in  accordance  with  drawings  and  spedflcatious 
furnished  with  the  contract  by  the  Chief  of  Ordnance,  U.  S.  A.  Some 
modifications  were  afterward  authorized  during  the  progress  of  the  con- 
struction. 

DESCRIPTION  OF  THE  FINISHED  CABBIAGE. 

The  cheeks  of  the  top-carriage  are  each  formed  of  two  plates  of 
g-inch  shell-iron,  riveted  to  a  forged  wrought-irou  frame  of  rectangular 
cross-section  4  inches  wide  by  3  inches  deep,  which  conforms  generally 
to  the  outline  of  the  cheek-plates,  except  in  rear,  where  it  is  supple- 
mented by  a  knee-piece,  also  of  wrought-iron,  4  inches  wide  by  2  inches 
deep,  and  in  front,  where  a  reentering  angle  forms  a  recess  for  the  front 
wheels.  The  frame  is  strengthened  by  a  vertical  and  a  diagonal  brace 
placed  between  the  plates  and  terminating  beneath  the  trunnion-bed. 

The  plates  i)roject  beyond  the  reentering  angle,  in  front,  inclosing 
the  front  wheels,  and  beyond  the  main  frame,  in  rear,  inclosing  the  rear 
wheels,  which  are  also  covered  by  the  knee-piece. 

The  cheeks  are  connected  by  two  vertical  transoms,  front  and  rear, 
and  by  a  horizontal  transom,  or  bottom  plate,  all  of  wrought-iron  1  inch 
thick. 

The  front  and  rear  transoms  have  smithed  flanges  4  inches  wide  od 
the  sides  and  lower  edge,  which  are  secured  to  the  cheeks  and  bottom 
plate  by  1-inch  bolts. 

The  bottom  plate  extends  under  the  cheeks,  and  is  fastened  to  their 
frames  by  l|-iuch  tap-bolts  with  countersunk  heads.  It  is  planed,  for 
contact  with  the  cheeks,  yokes,  and  chassis-rails. 

The  trunnion-beds  were  forged  roughly  in  the  frames,  and  after  the 
cheeks  were  assembled  and  the  cap-squares  fitted  in  place,  were  bored 
to  receive  the  gun-rings,  or  trunnion  bushings,  principally  by  means  of 
which  the  carriage  is  adapted  for  use  with  either  the  10  or  8  inch  gun. 

The  10-inch  gun  rings,  of  forged  steel,  are  of  the  same  width  as  the 
trunnion-beds,  and  have  a  collar  on  the  exterior  cylindrical  surface,  fit- 
ting a  corresponding  groove  in  the  cap-squares  and  trunnion-beds.  The 
8-inch  gun-rings,  of  cast  steel,  are  in  [lart  similar  to  the  10-inch  rings, 
264 
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but  have  in  additiou  flanges  4  iuohes  thick,  to  bear  against  the  inner 
cheek-plates  and  the  rim-bases  of  the  smaUer  gun.  They  are  bolted  to 
the  cheeks,  and  each  is  further  supported  by  two  removable  wrought- 
iron  braces  bolted  to  the  cheek ;  one  a  block  resting  on  top  of  the  front 
transom,  and  the  other  following  the  inside  diagonal  brace  of  the  cheek 
along  the  exterior  of  the  inner  cheek-plate.  The  interior  diameters  of 
these  rings  are  made  1  inch  larger  than  the  diameters  of  the  trunnions 
of  the  corresponding  guns  as  at  present  designed ;  the  intention  being 
to  interpose  a  ring  of  soft  metal  one-half  an  inch  thick. 

The  front  wheels  of  wrought-iron  are  keyed  to  steel  axles*  the  journals 
of  which  revolve  in  cylindrical  bushings,  also  of  wrought  iron,  with  wide 
circular  flanges  and  eccentric  bore. 

The  eccentricity  of  the  bore  enables  the  bearing  of  the  wheels  on  the 
rail  to  be  ai^usted  by  revolving  the  bushing  through  the  proper  angle. 

The  bushings  are  secured  to  the  cheek-plates  by  tap-bolts  through  the 
flanges. 

Each  rear  wheel  revolves  on  an  eccentric  axle  of  steel,  that  passes 
through  two  bronze  bushings  fastened  to  the  cheek-plates,  and  has  a 
worm-wheel  keyed  to  its  projecting  outer  arm.  The  axle  revolves  only 
when  operated  by  the  worm-gear. 

THE  WORM-OEAR. 

A  worm-gear  is  attached  to  the  rear  end  of  each  cheek.  It  consists  of 
the  worm-wheel  already  mentioned,  which  is  operated  by  a  worm  of  3J 
inch  ])itch  diameter,  and  1-inch  pitch,  cut  on  a  steel  shaft,  that  car- 
ries a  12inch  hand-wheel  of  bronze,  and  is  supported  by  bronze  bearings 
bolted  to  the  cheek.  The  eccentric  arm  of  the  axle  is  1  inch  long,  and 
the  throw  of  the  eccentric  is  consequently  2  inches;  and  as  the  buSiings 
are  so  set  in  the  cheeks  that  when  the  center  of  the  eccentric,  which 
is  centered  in  the  wheel,  is  in  its  highest  position  relative  to  the  center 
of  the  axle,  the  wheel  clears  the  chassis- rail  by  ^  of  an  inch ;  then,  when 
in  its  lowest  relative  position,  the  rear  part  of  the  carriage  is  lifted  1| 
inches^  but  firom  the  nature  of  the  gearing  it  may,  of  course,  be  held 
fixed  in  any  intermediate  i)osition. 

The  amount  of  clearance  given  these  wheels  is  important  as  affecting 
the  length  of  sliding  friction  during  recoil. 

THE  ELEVATINa  GEAR. 

Each  cheek  is  provided  with  a  spur-gearing,  which  comprises  a  2-inch 
steel  shaft  with  a  wrought-iron  hand- wheel  and  clamp  on  its  outer  and 
a  bronze  pinion  on  its^inner  arm,  a  2.5iuch  intermediate  shaft  of  steel, 
with  a  spur-wheel  on  its  inner  and  a  pinion  on  its  outer  arm,  and  a  3-inch 
steel  shaft,  with  a  spur-wheel  on  its  outer  and  the  rack-pinion  on  its  in- 
ner arm.  This  pinion,  with  the  10-inch  gun  mounted,  gears  in  a  curved 
in(!k  with  teeth  on  its  concave  edge.  The  rack  pivots  on  a  bronze  tmu- 
nion,  to  be  attached  to  the  gun,  and  is  held  in  place  engaged  with  the 
teeth  of  the  pinion  by  a  steel  roll  that  bears  against  its  convex  plain 
edge.  The  roll  is  supported  by  a  stud  passed  through  the  cheek.  The 
band-wbeel  clamp  is  used  to  press  the  hub  of  the  hand-wheel  against 
the  flange  of  the  bushing,  and  the  friction  due  to  this  pressure  holds  the 
wheels  in  position  and  the  gun  at  the  corresponding  elevation. 

The  geared  wheels  and  racks  are  all  of  bronze  and  the  shafts  all  pass 
through  bronze  bushings  set  in  the  cheeks. 
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For  Qse  with  the  8-inch  gun  mounted,  two  additional  rackSf  witli  teeth 
on  their  convex  edges,  are  provided,  and  as  they  will  be  at  a  greater  diB* 
tance  from  the  cheeks  with  the  smaller  gon  moanted,  two  longer  nude- 
pinion  shafts  with  longer  bashings,  two  intermediate  shafts  witii  ateel 
friction-rolls  on  their  projecting  inner  arms,  and  two  smaller  bronse  trim* 
nions  with  bolts  and  washers  to  prevent  the  racks  from  slipping  off^ 
are  also  provided.  The  concave  plain  edges  of  these  racks  bear  against 
the  rolls  on  the  intermediate  shafts,  and  the  rolls  on  the  stads  are 
not  used.  The  other  parts  are  used  as  with  the  10-inch  gun.  Of  the 
remaining  component  parts  of  the  top-carriage,  the  front  boflbr  plate 
is  a  heavy  L  bar,  bolted  to  the  upper  side  of  the  bottom  plate  at  ita 
front  edge.  The  rear  guides,  of  angle  iron,  about  6  inches  long,  are 
bolted  to  the  bottom  plate  under  the  rear  transom,  with  a  play  <S  one 
thirty-second  of  an  inch  between  the  inner  flanges  of  the  chaesis-raU, 
and  clearing  the  rear  bufi'er  transom  by  abont  half  an  inch  when  the 
top-carriage  is  in  its  position  in  battery.  The  outer  cross-head  yoke 
pieces,  which  are  bolted  to  the  bottom  plate,  serve  as  guides  for  the 
front  part  of  the  top-carriage,  a  rabbet  being  planed  in  the  edge  for  a 
length  of  3  inches  to  receive  the  inner  flange  of  the  chassis-raU,  and 
from  this  point  a  bevel  extends  to  the  rear  end  of  the  yoke  piece,  where 
the  depth  of  the  cut  is  2.05  inches,  to  allow  sufficient  play  when  the  rear 
of  the  carriage  rises  on  the  counter-rails. 

The  forms  and  principal  dimensions  of  the  different  parts  of  the  top 
carriage  are  shown  on  Plate  UI. 

THE  CHASSIS. 

The  rails,  or  sides  of  the  chassis  are  ^^ built-up''  beams,  each  formed 
bottom,  with  seven  inside  braces  of  varying  lengths,  corresponding  to 
of  two  f -inch  plates  of  shell  iron  riveted  to  two  heavy  T-pieces,  top  and 
the  slope  of  4^  of  the  top  T-piece,  which,  except  the  two  end  ones,  are 
set  perpendicular  to  that  piece. 

The  radls  or  sides  are  connected  primarily  by  the  front  and  rear  tran- 
soms, and  secondarily  by  the  front  and  rear  buffer-transoms,  the  pinUe 
transom,  and  cylinder-straps,  all  of  wrought  iron.  The  front  transom, 
1  inch  thick,  has  smithed  flanges  bolted  to  the  rails. 

The  rear  transom,  2  inches  thick,  is  riveted  to  angle  irons  that  are 
bolted  to  the  rails. 

The  front  buffer  transom,  of  L  cross-section,  extends  across  the  front 
end  of  the  chassis,  is  bolted  to  the  top  T-pieces,  and  has  four  rubber  buffers 
attached  to  its  upright  flange.  This  flange  is  cut  away  over  the  rails^ 
and  the  horizontal  one  is  beveled  to  clear  the  front  wheels  of  the  top- 
carriage. 

The  rear  buffer  transom  extends  across  the  chassis  110.75  inches  fh>m 
the  front  end,  measured  along  the  top  of  the  rail.  Its  buffers  limit  the 
recoil  of  the  top-carriage  by  checking  the  backward  motion  of  the  rear 
buffer-plate,  attached  to  the  yokes,  which  comes  in  contact  with  them. 
They  are  four  in  number,  are  made  of  rubber,  and  are  attached  to  the 
vertical  flange  of  the  transom,  arranged  so  as  to  clear  the  piston-rods. 
As  this  flange  extends  downwards  they  are  below  the  tops  of  the  rails. 

The  horizontal  flange  of  the  transom  is  prolonged  across  the  rails ;  it 
is  set  into  the  top  T-pieces  flush  with  their  upper  surfaces,  and  is  bolted 
to  their  webs,  the  flanges  having  been  cut  away  to  i>ermit  this.  The 
part  of  this  flange  included  between  the  rails  is  planed  off  slightly  to 
insure  proper  clearance  for  the  bottom  plate  during  the  recoil. 
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The  pintle  transom,  2  inches  thick  in  the  middle  portion,  and  1  inch 
thick  under  the  rails,  with  intermediate  bevels,  extends  across  the  front 
part  of  the  chassis,  and  is  bolted  to  the  under  side  of  the  bottom  T-pieces. 
The  middle  part  is  planed  to  bear  on  the  pintle-center,  and  has  a  hole 
drilled  through  it  to  admit  the  pintle-pin. 

The  cylinder-strap  is  composed  of  two  parts,  upper  and  lower,  each 
forged  with  two  corresponding  semi-cylindrical  portions  and  end  flanges, 
with  intervening  plane  portions.  These  two  parts  being  fitted  toget  her, 
the  cylinders  thus  formed  were  bored  to  fit  accurately  over  the  hydrau- 
lic cylinders  between  the  collars  on  their  front  ends. 

The  rails  are  each  supported  at  the  ends  by  the  front  and  rear  wheels 
and  intermediately  by  a  bolster  and  screw. 

The  front  and  rear  wheels,  of  wrought  iron,  revolve  on  feathered 
steel  pins  passed  through  holes  in  wrought-iron  forks ;  the  forks  for  the 
front  wheels  being  bolted  through  the  pintle-transom  to  the  bottom  of 
the  rails ;  those  for  the  rear  wheels  are  bolted  to  the  bottom  of  the  rails 
and  are  shaped  askew  to  cause  the  wheels  to  follow  the  rear  traverse- 
circle. 

The  bolsters,  of  wrought  iron,  are  bolted  to  the,  bottom  T-pieces,  and 
are  each  tapped  for  a  ratchet-threaded  screw.  This  screw,  of  steel,  has 
a  capstan  head,  and  is  inserted  from  below  so  that  its  head  may  rest  on 
a  traverse-cirele. 

The  counter-rails,  of  wrought  iron,  are  wedge-shaped  pieces  notched 
into  and  bolted  to  the  upper  sides  of  the  top  T-pieces.  They  extend 
from  a  short  distance  in  rear  of  the  top-carriage  in  battery  with  an  up- 
ward rise  to  the  rear,  nearly  to  the  ends  of  the  rails. 

THE  HTDRAULIC  CYLINDERS. 

The  hydraulic  cylinders,  of  gun  steel  with  bronze  heads,  lie  between 
the  rails  of  the  chassis,  below  and  parallel  to  the  top  T-piece,  and  are 
in  rear  of  the  position  of  the  top-carriage  in  battery.  They  are  sup- 
ported in  front  by  the  cylinder-strap,  and  in  rear  by  bolts  passing 
through  the  rear  transom  and  holes  in  flanges  on  their  rear  heads. 

The  front  heads  are  bolted  to  the  faces  of  the  cylinders,  project  slightly 
into  the  bore,  and  have  stuffing  boxes  and  glands  similar  to  those  of 
steam-cylinders.  The  rear  heads  are  caps  screwed  on  to  the  Cylinders 
and  packed  to  prevent  leakage.  The  frt)nt  heads  were  not  packed,  as 
they  will  have  to  be  removed  in  order  to  drill  holes  for  the  passage  of 
the  oil  through  the  pistons.  For  the  same  reason  no  packing  was  placed 
in  the  stuffing-boxes. 

The  front  heads  can  be  taken  off  without  removing  the  cylinders,  but 
unscrewing  the  rear  heads  will  at  least  require  the  removal  of  the  upper 
part  of  the  cylinder-strap  and  the  bolts  through  the  rear  transom,  or  the 
removal  of  the  rear  transom  and  the  same  bolts. 

It  would  facilitate  the  removal  of  the  transom  if  the  inside  heads  of 
the  rivets  through  the  raiL-plates,  in  the  rear  of  it,  were  countersunk. 
The  removal  of  the  upper  part  of  the  cylinder-strap  would  be  facilitated 
by  cutting  away  the  inner  flange  of  the  top  T-piece  of  the  rail  and  pro- 
longing the  plate  flange  of  this  part  of  the  strap  till  it  is  flush  with  the 
upper  surface  of  the  rail.  The  cylinders  internally  are  72^^5  long  and 
S''  in  diameter.  The  pistons,  of  wrought  iron,  are  7^^98  in  diameter, 
and  are  to  have  holes  drilled  through  them  to  modify  the  resistance 
which  the  oil  in  the  cylinders  will  offer  to  their  motion. 

The  piston-rods,  of  machinery  steel,  screw  into  the  pistons  and  aie 
secured  by  nuts.    The  rods  pass  out  through  the  front  heads  and  stuff- 
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iDg-boxes,  and  their  forward  ends  screw  into  wrought  iron  oroes-heads 
that  are  each  embraced  by  two  wrought  iron  yoke-pieces  bolted  to  the 
bottom  plate  of  the  top-carriage.  A  steel  pin  is  passed  ftom  withoat 
inward  through  holes  in  each  pair  of  yoke-pieces  and  throagh  the  em- 
braced cross-bead  with  a  play  of  0.2  of  an  inch  in  the  latter,  to  prevent 
any  bending  of  the  piston-rods  when  the  rear  of  the  carriage  risee  on 
the  counter-rail,  but  with  no  play  in  the  former  holes.  In  order  to  as- 
semble these  pieces  with  the  yokes  bolted  to  the  Ixittom  plate,  a  hole 
5.5  inches  in  diameter  is  drilled  in  each  rail,  through  which  and  the 
holes  in  the  yokes  and  cross-heads  the  pin  may  be  passed,  when  the 
yokes  have  been  brought  into  proper  position. 

These  two  holes  in  the  rails  are  closed  by  accurately  fitted  bronse 
l)lugs,  that  serve  also  to  strengthen  the  chassis. 

THE  HOISTINCh APPARATUS. 

This  comprises  a  crane,  crane-bracket,  bevel-gear,  and  differential 
pulley.  The  crane-bracket  is  bolted' to  the  outside  of  the  left  rail  of  the 
chassis  in  a  position  to  be  nearly  opposite  the  breech  of  the  gan  when 
it  is  mounted. 

The  crane  is  supported  by  the  bracket  and  is  revolved  by  a  bevel-gear 
operated  by  a  crank.  The  differential  pulley  is  attached  to  ite  hooked 
end  by  a  link. 

The  forms  and  principal  dimensions  of  all  the  parts  of  the  chassis  and 
hydraulic  cylinders  are  shown  on  Plate  n. 

THE  PLATFOBXS  AND  STEPS. 

The  platforms  and  steps  are  all  attached  to  the  chassis  and  are  made 
of  No.  5  wire  woven,  with  f  inch  mesh,  in  light  wrought-irom  frames 
that  are  riveted  to  similar  outside  frames.  Two  steps  in  rear  are  sap- 
ported  by  angle  irons  shaped  for  this  purpose  and  bolted  to  the  rear 
transom;  two  steps  and  a  small  platform  are  similarly  attached  to  the 
right  rail ;  au|i  a  large  platform  rests  on  angle  irons  that  are  fitted  over 
the  hydraulic  cylinders  and  secured  to  them  by  curved  straps  of  wrought 
iron.  It  also  rests  on  two  brackets,  bolted  to  thA  inside  plates  c^  the 
rails,  near  its  front  end,  and  it  is  bolted  to  these  brackets  and  angle 
irons  by  rose-headed  bolts  passed  through  the  meshes.  The  positions 
of  the  platforms  and  steps  are  shown  on  Plate  I,  and  the  positions,  di- 
mensions, and  details  of  the  fastenings  are  shown  on  Plate  lY. 

THE  PINTLE-CENTER. 

The  pintle-center  is  made  of  cast  iron,  with  a  wrought-iron  ring  shrank 
around  the  bearing  surface  for  the  pintle-transom.  It  is  cySndrical, 
w^ith  a  wide,  horizontal  flange  that  is  circular  in  front  and  rectangular 
in  rear,  and  is  strengthened  by  seven  vertical  webs. 

The  cylinder  was  cast  hollow  and  bored  to  receive  the  wrought-iron 
pintle-pin.  It  extends  below  the  flange  to  be  let  into  the  foundation. 
The  pintle-pin  is  held  in  place  by  a  taper  pin  of  steel.  The  pintle-cen- 
ter or  plate  is  shown  on  Plate  IJ. 

WEIGHT  OF  THE   CARRIAGE. 

Weight  of  top-cftrriage  and  gearing 12,; 

Weight  of  chassis,  including  yokes 22,344 

Weight  of  pintle-center  and  pins 2,S94 

Total  weight 37,387 
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FABRICATION. 

The  materials  used  in  the  construction  of  the  carriage,  consisting  of 
(oiijings,  castings,  and  rolled  plates,  were  all  furnished  and  the  ma- 
diiniug  was  all  done  by  the  West  Point  Foundry  Association. 

The  large  wrought-iron  forgingsand  rolled  plates  were  obtained  from 
the  Paterson  Iron  Works. 

The  steel  forgings  for  the  hydraulic  cylinders  and  10-inch-gun  rings 
and  the  steel  castings  for  the  8-iuch  gun  rings  were  obtained  from  the 
Midvale  Steel  Works.  All  the  bronze  castings,  the  small  steel  and 
wrought-iron  forgings,  and  the  iron  casting  for  the  pintle-center  were 
fashioned  at  the  West  Point  Foundry. 

The  principal  machiiiinir  operations  required  for  reducing  the  material 
to  prescribed  dimensions  were  turning,  boring,  planing,  and  drilling. 

All  contact  surfaces  are  planed  or  faced  to  obtain  an  even  bearing, 
and  the  bolster  screws  and  all  shafts,  axles,  pins,  bushings,  and  wheels, 
except  hand-wheels,  are  machine  finished  throughout. 

Nothing  of  special  interest  occurred  in  the  machining  of  the  different 
parts. 

The  bushings  of  the  rear  wheels  of  the  top-carriage  were  set  in  the 
cheeks  so  as  to  give  the  rear  wheels  a  maximum  clearance  of  one-fourth 
of  an  inch,  as  prescribed.  With  this  clearance  they  strike  the  counter- 
rails  and  begin  to  roll  at  3.G  inches  from  the  front  ends  of  these  rails. 

As  the  top  carriage  is  intended  to  start  on  sliding  friction  during  the 
recoil,  the  front  wheels  shouKl  have  a  very  light  bearing,  or  a  very 
small  clearance,  so  that  they  will  not  be  brought  to  a  full  bearing  until 
the  rear  wheels  have  begun  to  roll  on  the  counter-rails,  and  the  rear  of 
the  carriage  is  slightly  lifted,  owing  to  the  ascent  of  the  inclined  plane. 

Authority  was  given  to  set  the  centers  of  the  bushings  of  these  wheels 
lower  than  was  at  first  prescribed,  and  they  were  set  7.3  inches  above  the 
lower  edge  of  the  bottom  plate,  with  the  center  of  the  bushing  directly 
above  the  center  of  the  base  of  the  eccentric  bore;  the  center  of  the  axle 
is  0.35  of  an  inch  lower,  and  as  the  radius  of  each  wheel  is  7  inches,  this 
causes  the  wheels  to  i)rqject  0.05  of  an  inch  below  the  bottom  plate, 
which  will  allow  for  any  change  of  form  or  **  spring"  in  the  frame  due 
to  the  weight  of  the  gun  when  mounted. 

However,  whether  this  change  occurs  or  not,  the  bearing,  or  clearance, 
of  the  wheel  can  be  easily  regulated  by  revolving  the  eccentric  bushing 
as  is  shown  by  the  following  diagram : 


9331  OR 
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ghfis  the  circaiiiference  of  flange,  abk  is  the  circumference  of  bMe 
of  cylindrical  part  of  bushing,  ahk  and  ghfsLve  concentric,  wilh  center 
at  o.  Throw  of  ecceutric=20c=(K^70.  Imn  is  the  circumference  of  base 
of  eccentric  cylindrical  bore.  oc=eccentricity=0.35  of  an  inch.  Zii= 
6''.02  and  afc=8'^5  are  the  diameters  of  cylindrical  bore  and  of  cylindri> 
cal  part  of  bushing,  respectively.  The  latter  cylinder  beings  fitted  in 
the  holes  in  the  cheek  platc.4,  the  revolution  takes  place  about  its  axis 
through  0,  and  the  locus  of  c  will  be  a  circumference  whose  center  is  o; 
e  and  o  are  the  centers  set  as  prescribed.  To  find  the  distances  through 
which  the  center  c  of  the  wheel  axle  is  lifted  by  revolving  the  bashing 
until  ce,  cd,  and  ch  become  successively  vertical,  it  is  only  necessary  to 
find  the  quantities  ce—ca,  cd — ca  and  cb — ca.  ca=oa — oc=4.25 — 0.35= 
3.95.    oa  being  equal  to  aA-i--=8.r)4-l>=4.25. 

The  equation  of  the  circle  abk  referred  to  the  rectanguhir  co-ordinate 
axes  cX  and  cY  is  j!^+(,v — ..S5)-=('J:.2.'))2,  derived  from  the  general  eqna- 
tion(,r— J?')2+(.y— j/')'-=R-,  in  which  x'=o  y'=:So  and  R=4.26  for  the 
circle  considered.  Making  y=o  in  the  equation  deduced,  x=4.23+ 
which  corresponds  to  a  revolution  of  IMP  and  since  cb — ea=4.23 — 3.95= 
0.28  the  center  of  the  wheel  has  been  lifted  0'^28  and  the  clearance  of 
the  wheel  should  be  0.28— (y'.05=0".23. 

By  changing  the  reference  first  to  cd  and  then  to  ce  as  new  axes  of  X 
it  may  be  shown  in  a  similar  manner  or  by  trigonometry,  that  the  quan- 
tity cJ^— ca=4'M4— 3".95=0".10  and  that  ce— ca=4''.00— 3''.96=0".05, 
or  that  when  the  bushing  is  revolved  72°,  until  cd  is  vertical,  the  cen- 
ter of  the  wheel  has  been  lifted  0".19  above  its  primitive  position,  and 
when  it  is  revolved  48io,until  ce  is  verticixl,  this  center  has  been  lifted 
O'^OS.  This  last  position  would  be  practically  attained  by  a  revolution 
of  about  450  and  would  just  bring  the  wheels  to  a  bearing  shonld  no 
change  of  form  take  place  in  the  frame  when  the  gun  is  mounted. 

If  after  such  revolution  the  diameters  of  the  wheels  should  be  re- 
duced by  wear,  the  bearing  could  be  readjusted  by  counter- revolution. 
This  will,  of  course,  apply  to  the  case  of  unequal  wear. 

Any  amount  of  revolution  not  a  multiple  of  90^  will  require  new 
bolt-holes  to  be  tapped  in  the  check-plates,  or,  if  more  desirable,  drilled 
in  the  bushing-flange.  A  revolution  of  90^  will  simply  change  the 
mating  of  the  holes  in  the  flanges  and  plates. 

OHANQES  MADE  DUBING  THE  FABBIOATION. 

In  the  original  designs  the  material  for  the  hydraulic  cylinders  was 
a  composition  of  05  parts  copper,  32.5  parts  zinc,  and  2.5  parts  tin,  bnt 
they  were  afterwards  authorized  to  be  made  of  Midvale  steel  tubes. 

Two  steel  tubes  which  were  made  by  the  Midvale  Steel  Company* for 
8-inch  converted  guns  were  used.  These  had  been  rejectecd  as  gun 
tubes  on  account  of  local  defects  in  the  breech  end,  but  the  muzzle  ends 
were  used  and  the  linished  cylinders  show  no  defects  whatever.  The 
original  lengths  of  the  tubes  wmv  over  120  inches,  of  which  73  inches, 
beginning  at  the  muzzle  end,  was  cut  off  of  each  for  use. 

The  dimensions  remain  the  same  as  designed  for  the  composition  cyl- 
inders, except  that  the  iiiameters  of  the  collars  are  13.3  instead  of  13.5 
inches. 

The  heads  were  to  have  been  made  of  the  same  composition,  but  were 
subsequently  authorized  to  be  made  of  gun-bronze.  In  the  mean  time 
several  attempts  wen*  made  to  obtain  sound  castings  of  the  composition 
for  the  rear  cylinder  heads,  but  all  the  castings  were  defective  at  the 
junction  of  the  cylindrical  and  flat  portions.    Authority  having  been 
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given  to  make  tests  of  the  tensile  strength  of  this  metal,  two  tensile 
test  specimens  were  cut  longitudinally  from  the  sound  cylindrical  part. 

These  specimens  were  tested  November  28, 1885,  on  the  testing-ma- 
chine at  the  West  Point  Foundry,  with  the  following  results : 

The  first  specimen  was  loaded  with  an  initial  weight  of  20,000  pounds 
per  square  inch,  and  broke  below.  Second  specimen:  Initial  weight, 
10,000  pounds ;  breaking  weight,  11,800  pounds ;  and  the  tenacity, 
23,600  pounds. 

Diameter  of  specimens  before  test incli. .  0. 797 

Length  of  specimens  between  shonlders  before  test inches..  2.60 

Specific  gravity  of  specimens 8.3958 

Diameter  of  second  specimen  after  test inch..  0.788 

Length  of  second  specimen  between  shoulders  after  test inches. .  2. 65 

* 

Both  fractures  showed  that  the  casting  was  not  homogeneous,  and 
the  poor  success  attained  may  have  been  due  to  a  lack  of  practical  ac- 
quaintance with  this  particular  mixture;  but  unless  further  experience 
would  develop  better  results,  the  several  failures  to  obtain  sound  cast- 
ings and  the  low  tensile  strength  of  the  specimens  vv^ould  indicate  that 
this  composition  cannot  be  advantageously  used  for  similar  purposes  in 
future. 

All  the  geared  wheels,  racks,  rack-trunnions,  and  bushings,  except 
front- wheel  bushings,  are  made  of  brOnze  castings.  The  teeth  of  the 
wheels  were  milled ;  those  of  the  racks  were  cast,  and  subsequently 
planed  and  iBllc-finished. 

The  authorized  changes  made  in  the  dimensions  shown  in  the  origi- 
nal designs  relate  chiefly  to  the  bolster  and  screw,  crane,  braces  for  8- 
inch  gun,  front  transom,  and  buffer-spindles. 

DRAWINGS. 

The  accompanying  drawings  a^re  modified  copies  of  those  furnished 
with  the  contract  from  the  Ordnance  Office,  the  modifications  includ- 
ing all  the  changes  made  during  the  manufacture,  so  that  these  draw- 
ings show  the  carriage  and  its  parts  as  they  were  finished. 

Plate  I  shows  the  side  and  rear  elevations  and  plan  of  the  carriage  as- 
sembled; the  elevations  with  the  10-inch  and  8-inch  guns  mounted; 
the  plan  with  these  guus  removed. 

Plates  II,  III,  and  IV  have  already  been. explained.  The  parts  shown 
on  these  three  are  drawn  to  different  scales ;  but  no  confusion  need 
arise  from  this  fact,  as  the  principal  dimensions  are  all  marked  in  inches 
and  the  scales  are  not  necessary. 

The  dimensions  as  marked  do  not  show  the  slight  variations  from 
those  prescribed,  determined  by  measurement  of  the  different  parts.  In 
two  or  three  causes  where  the  variation  was  readily  appreciable,  but  did 
not  affect  the  utility  of  the  part,  the  true  dimensions  are  noted. 

Where  the  material  of  which  the  part  is  made  is  not  put  down,  it  is 
wrought  iron. 

The  special  bolts  and  rivet-heads  are  shown  on  Plate  III  in  form  and 
dimensions. 

INSPECTION. 

The  principal  dimensions  of  the  individual  parts  were  measured,  as 
soon  as  completed  and  ready  for  assembling,  with  greater  or  less  pre- 
cision, according  to  their  functions  in  the  structure;  and  where  the 
variation  from  the  prescribed  dimensions  was  sufficient  to  impair  the 
usefulness  of  the  part  it  was  rejected.  Two  bolsters  and  one  bronze 
rack-trunnion  were  thus  r^ected. 
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Also  sacli  pieces  as  were  manifestly  unsound  and  which  it  was  be- 
lieved inif»ht  prove  a  source  of  weakness  were  rejected.  In  the  final  in- 
spection of  the  finished  carriage  the  following  points  were  observed  cod- 
cernin<r  the  working  parts : 

I. — That  the  top  carriage  could  be  moved  back  on  the  chassis  until 
the  rear  buflfer-plate  came  sharply  in  contact  with  the  rear  buffers,  with- 
out hitch  or  undue  stilfness  in  the  working  of  any  of  the  parts  brought 
into  play. 

This  was  also  considered  a  practical  test  of  the  parallelism  of  the  cyl- 
inders, since  the  pistons  were  thus  moved  simultaneously  through  the 
cylinders,  as  were  tiie  piston  rods  through  the  closely-fitting  glands  and 
front  heads,  all  working  smoothly. 

II. — That  the  rear  wlieels  having  been  set  with  their  maximum  clear- 
ance, when  the  top  carriage  reached  its  extreme  rear  position  it  could 
still  be  lifted  through  nearly  the  full. throw  of  the  eccentric,  by  means 
of  the  worm-gears,  befori*  thi'  bevel  of  the  guides  on  the  yokes  came  in 
contact  with  the  lower  side  of  the  fiauge  on  the  chassis  rail. 

111. — That  when  the  top  carriage  was  then  allowed  to  run  forward  to 
its  position  in  battery,  with  the  front  bulfer-plate  bearing  against  the 
front  buffers,  there  was  a  clearance  of  nearly  half  an  inch  between  the 
fronts  of  the  rear  guides  and  the  rrar  butter-transom,  which  allows  for 
that  amount  of  compression  of  the  front  buffers  before  the  guides  could 
strike  the  transom.  Part  of  this  clearance  was  obtained  by  cutting 
away  the  front.^  of  the  gnidos  slightly. 

IV. — Thatthe  worm-gears  turned  the  rear- wheel  axles  properly  through 
a  complete  revolution. 

V. — That  tiie  trains  of  wheels  tor  elevating  and  depressing  were  set 
to  gear  smoothly. 

VI. — That  when  the  to])  carriage  was  drawn  back  the  rear  guides 
cleared  the  platform  over  the  (cylinders. 

VII. — That  the  buffer  platens  sti  iick  the  buffers  evenly. 

VHI. — That  the  crane  eouM  he  readily  revolved  by  its  bevel-gear,  with 
a  weight  of  about  GOO  pouinis  atta/hiMl  to  the  differential  pulley,  and 
hoisted  to  the  level  of  liii*  uannion-l>eds;  this  weight  being  approxi- 
mately that  of  the  heaviest  lO-incli  projectiles. 

IX. — That  the  maximum  clearaTice  of  each  rear  wheel  was  one-fourth 
of  an  inch,  and  that  the  wheel  srt  with  this  clearance  struck  Ihe  counter 
rails,  and  began  to  roll  at  thtvsaine  time,  the  i)()ints  of  first  contact  be- 
ing about  .*M)  indues  from  tiie  tri>nt  en<lsof  these  rails,  measuRHl  along 
the  chassis  rail.  This,  supposing  thi^  front  wheels  to  be  set  without 
clearance,  makes  the  niaxiiuuin  length  of  sliding  friction  during  the  re- 
coil about  13  inches,  as  the  centers  of  the  re;ir  wheels  are  about  9.5 
inches,  in  front  of  the  ends  of  the  eoiniter  rails,  measured  as  above;  but 
this  last  distance  varitvs  for  other  posiiions  ot"  tin*  eccentric.  By  chang- 
ing th'  clearance  of  the  rear  wheels  the  length  of  sliding  Irictiou  can  fia 
fixed  anywhere  between  13  and  about  0.5  inehes,  after  which  any  further 
change  would  bring  these  wheels  to  a  bearing,  and  the  carriage  would 
start  on  rolling  friction. 

It  the  front  wheels  have  elearanee  the  length  of  sliding  friction  will 
depend  u[)on  its  amount  and  that  of  the  rear  wheels,  as  the  carriage 
will  move  on  sliding  friction,  meaning  by  this  partly  sliding  and  partly 
rolling  friction,  since  the  rear  wheels  may  be  rolling,  until  the  rear 
wheels  have  risen  a  sutheieni  distance  on  the  counter  rails  to  bring  the 
front  wlieels  to  a  full  bearing;. 

The  rise  of  the  counter  rails  from  the  chassis  rail  will  form  part  of 
the  data  for  computing  the  length  of  sliding  friction  for  any  fixed. 


BEPORT  OP  THE  CHIEF  OP  ORDNANCE.         293 

amoanjbs  of  clearance  for  the  front  and  rear  wheels.    This  rise  is  4.625 
inches  in  6Q  inches,  or  0,07  of  an  inch  per  inch. 

When  the  rear  wheels  rise  on  the  counter-rails  the  top-carriage  will 
rotate  about  the  bearing:  edge  of  the  slight  bevel  at  the  front  end  of  the 
bottom  plate  until  the  front  wheels  are  brought  to  a  bearing,  and  to 
determine  the  height  through  which  the  rear  wheels  have  risen,  form 
the  proportion*. 

Actual  distance  from  lowest  point  of  front  wheel  to  axis  of  rotation  : 
Distance  from  point  of  contact  of  rear  wheel  to  axis  of  rotation::  Clear- 
ance of  front  wheel :  Height  through  which  rear  wheel  has  risen. 

From  which,  the  firs i  three  being  known,  the  fourth  is  deduced.  This 
result,  expressed  in  inches,  divided  by  0.07,  will  be  the  distance  the 
rear  wheels  have  moved  along  the  counter-rails  in  the  direction  of  the 
chassis-rail,  which,  added  to  d.5  inches,  previously  referred  to,  will  be 
the  length  of  sliding  friction  corresponding  to  the  assumed  clearance, 
provided  the  rear  wheels  have  none;  if  they  have,  divide  it,  expressed 
in  inches,  by  0.07,  and  add  the  quotient  to  the  result  just  obtained  for  the 
total  sliding  friction. 

In  this  case  the  second  term  of  the  above  proportion  should  be, "  Dis- 
tance from  lowest  point  of  rear  wheel  to  axis  of  rotation,  measured  along 
chassis-rail."  To  facilitate  the  assembling,  all  keys  and  bolts  necessarily 
removed  in  taking  the  carriage  apart  have  numbers  stamped  on  them, 
and  corresponding  numbers  arc  stamped  on  the  wheels,  axles,  or  other 
parts  to  which  they  belong. 

Iloles  are  drilled  in  the  rear  wheels  of  the  chassis  for  the  insertion  of 
handspikes  in  traversing.  Appended  to  this  report  are  tables  show- 
ing the  principal  dimensions  of  the  carriage  assembled,  the  principal 
dimensions,  prescribed  and  actual,  of  the  component  parts  of  the  car- 
riage, the  weights  of  the  carriage  and  of  some  of  its  parts,  and  a  list  ol 
the  bolts  and  rivets  used. 

Date  of  final  inspection,  February  10,  1886. 

PKINCIPAL   DIMKXSIONS   OF   CvIilllAGi:   ASSKMBLED. 

Inobes. 

Lengfh  of  chassis 219.1 

Lenj^tb  of  top  of  chassis-rail 219.75 

Length  of  bottom  of  chassis-rail  213 

Dci)th  of  chassis-rail  in  front 14 

Depth  of  chassis-rail  in  rear 29.5 

Top  of  chassis  rail  above  ground-liuo  (front)       32 

Top  of  chiissis-rail  above  ground-line  (rear) 47.25 

Total  width  of  chassis 57.2 

Width  between  inner  flanges  of  rails  (top) 40.2 

Width  between  inner  flanges  of  rails  (bottom) 38.7 

t  Distance  between  rear  bnfler-plate  and  rear  buffers  when  top-carriage  is  in 

battery 58 

Len«rth  of  top-carriage 136 

Tvital  width  of  top-carriage 52,7 

Width  of  top-carriage  between  cheeks 42. 2 

Width  between  flanges  of  8-inch-gun  rings 34.2 

Centers  of  gun-rings  above  chassis-rail 48 

Centers  of  gun-rings  above  ground-line 80.9 

Inclination  of  top-carriage  to  top  of  chassis-rail  when  in  extreme  rear  position : 

1.  With  rear  wheels  at  niaxiranm  clearance  1<^  37' 

2.  W^ith  rear  wkt;els  with  centers  down 2^29* 

Slope  of  top  of  clKissis-rail 4°  2* 


*  This  pro])ortion  is  not  obtained  directly,  but  is  easily  deduced. 
t  Total  length  of  recoil. 
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Tmkle  Mkowing  weights  of  carriage  and  of  §owm  of  iU  principal  parU. 


Top^arriftfie,  complcti> 

Chassis,  coniploto 

Pintle  c<'nt«r.  completo 

Carriape.  compU'io 

Front-wheel  fork  and  pin 

Front  wheel,  cha^Kis 

R<'ar  tmnsom,  top-carriace 

Front  tp.insora.  top-oai  riace 

Fn>ut  wheel  an<l  axle,  top-carriago 

Hand  wheel.  el»^vatiiij;->roar 

Hand-wheel  shaft  and  clamp  

Rear  butler  plate 

Intermediate  shaft  with  hpnr- wheel  and  pinion 

Kaek-pinion  shaft  with  spnr-whet-l 

Stud  and  roll  for  10-inrh  pun  

Worm-shaft  with  haml-wht'elandbearinps 

Eccentric-axle  and  worui-wheel 

Front-axle  hoshinp 

Baffer-spimUc 

Differential  pulUy  and  ch;un 

Crane .* 

Crane-gear,  axlf  and  c.-iink 

2     8-Inch-pun-rinirs.  oast  si»'el 

2     Raek-piniou  shift-*.  S-inrh  iiiin 

2     Intermediate  shaft  a  with  rolls.  8-inch  gun 

2     8-inch-guu  rack-triiuiiious , 

2  ,  Raok-pinion  shaft  Imshiu:;:*,  8-inch  gun     

2     Intermediate  sh.ifis  with  sp'.ir-wheel  abd  pinion 

2     Rack-piniun  shafts  with  spur-whoil  and  pinion 

2     10-inch-gnn  rack-tTU'jniont     

2  i  Elevating-ge.ir  racks.  10-iuch  gun 

2     Elevating-gear  racks.  S-inch  gun 

2  ,  Hand- wheels  with  pinion,  shaft,  and  clamp 

2  •  10-inch  gun  rincs 

2  ■  Worm-wheels  with  sh.ift.  hand- whrcl  and  bearing.'*  

1  ;  Back  pinion 

1  !  Top-carriage,  with  8-iiich  ;:nu-«ings  and  br.ici-.H.  front 
j      and  rear  wheels,  and  nil  bushings,  but  without  clMvat- 
ing  and  worm  gears. 
1  i  Top-caniage,  complete  for  8-inch  gun , 
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List  of  holU  and  riveU, 


Nature. 


Special  bolts. 


Do  —   . . . 

Ordinary  bolts. 

Do 


Do.... 
Do... 
Do  ... 
Do... 
Do  ... 
Do.  .. 
Do.... 
Do  ... 
Do.  .. 
Do... 
Do  ... 
Do.... 
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Do  ... 
Do.... 
Do  ... 
Do  ... 
Do.  .. 
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Bemarks. 


Wlieel*forks,  bolster,  and  pintle-plate  to  ohauls 
rail. 

Do. 
Yokes  to  bottom  plate  of  top-oarriage. 

Do. 

Do. 

Do. 

Do. 
Front  buffer-plate  to  bottom  plate. 
Front  titinsom  to  bottom  plate. 
Yokes  to  angle-iron  of  bufTe r-plale. 
Front  transom  to  chassis. 
Rear  buffer-transom  to  chassis. 
Bear  ti'anaom  to  cbassii^. 
Cylinder-strap  to  chassis. 
Cylinder-strap  to  chassis,  countersunk  heads. 

Do. 
Bear  tratasom  to  top-oarriage. 

Do. 
Front  transom  to  top -carriage. 
Braces,  8-inch  rifle,  to  top-oarriage. 

Do. 
8-inch-gun  ring  to  trunnion-bed. 
Front  buff(>r-ti  ansom  to  chassis. 
Front   buffer-transom    to    chassis,    oountersnnk 

heads. ' 
Front  wheel- forks  to  chassis. 
Front  wheel-forks  to  chassis,  countersunk  heads. 
Counter-rails  to  chassis,  countersunk  heads. 

Do. 
Bottom  plate  to  cheek-frame,  countersunk  heads. 
Bear  guides  to  bottom  plate,  countersunk  heads. 
Bear- wheel  bushings  to  top-carriage,  countersunk 

heads. 
Front- wheel  bushings  to  tox>-carriage,  oountersnnk 

heads. 
Shaft  bushings  to  top-carriage,  oountersnnk  heads. 
Worm-bearings  to  top-carriage. 
Bear-wheel  forks  to  chassis- 
Plates  of  top-carriage  and  chassis. 
Plates  of  top-carriage,  countersunk  heads. 
Plates  of  chassis  and  cylinder-strap. 
Angle-irons  to  rear  transom. 
Angle-irons  to  buffer-plate. 
Angle-irons  to  rear  buffer-transom. 
Plates  of  top-carriage  and  knee-pieoee. 
Through  cap  square  bolta. 
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TWELVE-INCH   PROJECTILES  FOR  BREECH-LOADING   RIFLE  WITH  EX- 

PKRIMENTAL  BANDS. 

By  Capt.  Rogers  Birnie,  Jr.,  Ordnance  Department. 

(1  plate.) 

West  Point  Foundry, 
Cold  Spring,  N.  Y,,  Jamlary  5,  ]886, 

The  Chief  of  Ordnance.  U.  S.  A., 

Washington,  D.  C, : 

General:  In  connection  with  the  inspection  report  forwarded  De- 
c<*nil)er  17,  1885,  upon  the  banding  of  274  12  inch  breech -loading  cored 
shot  intended  for  the  12-inch  breech-loading  cast-iron  rifle  completed 
thi^  year  at  ihe  South  Boston  Iron  Works,  I  have  the  lionor  to  submit 
a  summary  account  of  the  construction  of  those  shot  and  the  several  ex- 
perimental bands  which  have  been  made  at  this  foundry  under  instruc- 
tions from  your  office  during  the  progress  of  the  proof-tiiing  of  the  gun 
to  this  date  at  Sandy  IJook.  The  projectiles  named  above  constituted 
the  remainder  of  the  original  number  (three  hundred  and  nine)  com- 
pleted December  30,  1884,  under  contract  of  October  4,  1884,  compris- 
ing one  hundreil  and  three  shot  of  700,  one  hundred  and  nve  of  750,  and 
one  hundred  and  one  of  800  pounds  weight,  made  without  bands. 

The  accompanying  drawing  shows  the  form  and  dimensions  of  the 
shot  and  bands  which  were  supplied  for  trial  in  lots  as  follows: 

(1)  April  21,  1885,  five  of  700,  three  of  750,  and  two  of  800  pounds 
weight ;  in  all,  ten  shot  with  Hotchkiss  bands.     (See  fig.  5.) 

(2)  May  9,  1885,  three  of  700,  three  of  750,  and  four  of  800  pounds 
weight ;  in  all,  ten  shot  with  single  bands,  modified  A,  tig.  3,  made  of 
strips  of  rolled  plate  copper  not  annealed. 

(3)  May  '>,  1885,  similar  to  lot  2  above,  ten  shot  with  double  bands, 
B,  fig.  4,  also  made  of  strips  of  rolled  plate  copper  not  annealed. 

The  three  preceding  lots  were  ordered  for  trial  in  common  by  way  of 
first  experiment  to  determine  the  proper  nature  and  dimensions  of  band 
as  well  as  its  proper  position  upon  the  projectile,  i,  e.,  its  distance  from 
the  base. 

(4)  August  13,  1885,  five  of  800  pounds  weight,  with  single  bands,  C, 
fig.  1,  cast  from  an  alloy  of  95  parts  copper  and  5  parts  spelter.  These 
bands,  which  were  made  of  softer  material  than  the  preceding,  are  also 
seen  to  be  of  less  width  and  placed  further  forward  on  the  projectile. 
They  gave  satisfactory  results  and  led  to  the  following: 

(5)  Contract  of  November  11,  1885  (Comprising  the  remainder  of  the 
shot  on  hand),  ninety-two  of  700,  ninety-six  of  .750,  and  eighty-six  of 
800  pounds  weight;  in  all,  two  hundred  and  seventy-four  shot,  of  which 
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oue-lialf  of  each  kind  was*  fnruished  with  cast-copper  bands  of  the  alloy 
given  above,  and  onelialf  with  bands  made  of  strips  of  rolled  plate 
copper,  annealed  immediately  preceding  their  assemblage.  All  of  these 
bands  were  given  the  dimensions  and  position  of  C,  tig.  1,  except  ten 
of  the  800-pound  projectiles,  upon  which  the  bands  were  placed  1.0  inch 
farther  forward.  (See  fig.  6.)  This  last  modification  having  been  deter- 
mined consequent  upon  the  success  of  similar  trials  with  8-inch  breech- 
loading  projectiles. 

THE   BODY  OF  PROJECTILES   (CAST  IRON). 

Design — Fig.  1  sliows  the  form  and  dimensions  of  the  TOO-poundshoty 
with  changes  of  dimensions  noted  for  the  two  remaining  weights.  The 
radical  cluuige  in  the  lorm  of  body  from  previous  types,  especially  muz- 
zle-loading projectiles,  consists  in  the  reduction  of  the  cylindrical  por- 
tion of  body  over  the  whole  rear  portion,  leaving  a  raised  band  of  3 
inches  width  at  the  base  of  the  head,  which  centers  the  forward  portion 
of  the  shot  within  inacticable  limits  for  loading.*  This  front  band  is 
joined  to  the  rear  of  the  body  by  a  conical  surface  of  slight  slope.  The 
clearance  for  loading  is  0.03  of  an  inch  over  the  band  and  0.07  over  the 
rear  cylindrical  ])ortion  of  body.t  The  curve  of  the  head  is  made  up  of 
the  arcs  of  two  circles,  which  have  a  common  tangent  line  at  a  point  4.5 
inches  from  the  base  of  the  head.  The  radius  of  the  arc  forming  the 
base  is  1.5  calibei-s  (18.0  inches),  and  this  arc  is  tangent  to  the  body  at 
the  base  of  the  head.  The  radius  of  the  arc  outlining  the  front  of  the 
head  is  two  calibers  (-4.0  inches). 

In  arranging  the  dimensions  of  these  projectiles  for  manufacture  the 
l)rimary  conditions  laid  down  were :  Taking  the  heaviest  to  govern,  the 
weight  of  shot  complete  should  be  800  pounds,  the  total  length  3  cali- 
bers ;  the  core  contains  not  less  than  200  cubic  inches  of  empty  space, 
and  the  curvature  of  the  head  made  with  a  radius  of  2  calibers,  if  prac- 
ticable, or,  at  most,  not  less  than  1.5  calibers.f  The  750  and  700  ponud 
projectiles  would  tlun  l:e  detcimincd  by  simply  shortening  the  cylin- 
drical portion  of  body  at  roar.  It  was  found  that  with  a  full  head  of  2 
calibers  radius,  that  is,  with  a  h<*ad  tangent  to  the  body  at  base,  the  weight 
of  800  pounds  could  not  be  contained  within  the  total  length  of  3  cali- 
bers. The  head  of  two  curves  was  then  adopted  to  obtain  the  proper 
weight  within  the  given  length,  and  at  the  same  time  make  the  head  tan- 
gent to  the  body  at  the  base  of  the  head.  At  the  same  time,  also,  the  length 
of  head  in  comi)arison  with  that  of  body  was  reduced  to  suitable  propor- 
tions,§  and  the  curve  of  2  calibers  radius  retained  for  the  main  portion 

*  Since  the  isMic  «»!tbr  lypi*  tlrawin^x  from  tho  Ordnauco  Office  (May,  1884)  for  this 
projectik',  the  siiiiH>  ]ir(>lik>  otbody  lias  bren  a]>i>lie(l  in  making  tho  580.  585,  and  610 
pound  hIu'11  for  ]*i-inrli  nin/.zlo-loading  ritli'd  inoitar,  and  also  for  Sand  10  iDch  breech- 
loading  project  ili-s. 

t  The  question  of  makui;;  thos»*  rli'aranr«*8  0.02  and  0.05  of  an  inch,  respectively, 
was  negatived  in  con^tullu•Iu'o  of  t^onir  <litliciilty  iound  in  loading  l^-inch  niDExle- 
loading  mortar  jirojcctilt"-,  for  which  the  <'lcaiances  were  0.03  and  0.07  of  an  incfa. 

t  Taking  the  niiaco  occi)]iii'(l  hy  ])t)\vdrr  as  0.f35  of  a  pound  per  cubic  inch,  this 
core  would  contain  a  charge  of  7  pounds.  It  is  stated  that  in  the  present  Krapp  pnn 
jectiles  tho  radius  of  the  curve  of  lioad  is  2  calibers,  in  the  Italian  service  2.5  caUben^ 
and  in  the  French  service  W  calibers.  In  ordnauco  notes  No.  174,  however,  is  tfaown 
an  Italian  projectile  of  *«\2i  (>  pounds  weight,  in  which  tho  curve  of  the  head  is  made  up 
of  the  arcs  of  several  circles. 


$The  full  hv.^ad  of  'J  calibers  radins  would  have  made  the  length  of  head  15. 
inches  instead  of  14.57  as  used.  That  defect  could  have  been  remedied  by  lengthen- 
ing the  body  and  making  the  head  something  less  than  a  full  curve,  thQB  leaTinga 
somewhat  abrupt  change  of  outline  at  the  base  of  head.  It  is  questionable  how  nr 
Bnch  a  chanee  of  outline  would  atl'ect  the  dight  of  the  shot;  however,  it  must  prob- 
ably always  be  done  in  cases  where  a  single  curve  of  2  calibers  or  greater  radios  loiiitB 
the  head  of  a  shot  not  more  than  3  calibers  total  length. 
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of  the  head  towards  the  point.  (See  fig.  1.)  This  form  of  head  appears 
to  embody  all  the  advantage  of  the  sharpness  of  point  given  by  a  curve 
of  2  calibers  radius,  and  to  obviate  the  abrupt  change  of  outline  before 
mentioned. 

To  compute  the  cubical  contents  and  fix  the  dimensions  of  the  800- 
pound  jshot,  a  density  of  7.20  was  assumedfor  the  cast  iron.  The  band 
was  computed  to  weigh  6.4  pounds,  and  the  screw  plug 3.0  pounds,  leav- 
ing 791.G  pounds  of  cast  iron.  The  cubical  contents  corresponding  to 
this  weight  tor  a  density  of  7.20  is  found  to  be  3.046  cubic  inches.* 
Adding  to  this  the  200  cubic  inches  of  core  space,  the  outline  of  shot 
to  contain  3,246  cubic  inches  within  a  length  of  3  calibers  was  deter- 
mined by  trial  computations.  For  the  two  remaining  weights  requiring 
a  successive  reduction  of  60  pounds,  the  cylindrical  portion  of  body  was 
reduced  in  length  1.72  inches  and  3.44  inches,  respectively.  Deter- 
mined as  follows:  Fifty  pounds  at  density  7.20,  corresponds  to  192.3  cu- 
bic inches,  and  a  solid  cylinder  11.93  inches  in  diameter  should  be  1.72 
inches  lon^  to  contain  192.3  cubic  inches. 

Mannfacture, — A  sample  shot  of  each  size  was  cast  first  to  test  the 
weight.  In  each  the  weight  of  cast-iron  fell  between  10  and  1\  pounds 
short,  bnt  th*^  actual  densities  were  comparatively  low,  7.19  and  7.2367, 
for  the  leqninMl  tenacity  (not  less  than  28,000  pounds  per  square  inch), 
and  it  was  deemed  suflQcieut  to  add  0.125  of  an  inch  to  the  base  of  each, 
so  as  to  increase  the  weights  about  3.6  pounds  and  bring  them  within 
the  minimum  allowed  variation  of  minus  1  per  cent,  of  the  standard 
weights.  The  drawing,  Fig.  1,  gives  the  dimensions  used  in  the  manu- 
•facture,  the  lengths  of  body,  distances  from  point  of  core  to  point  of  pro- 
jectile, and  the  total  lengths  being  each  increased  0.126  of  an  inch  over 
the  original  design.     As  a  final  result  we  find  the  following: 


Projectile. 


700-poond 
750  poaiHl 
SOOpoaud 


Weight  of  oast  iron. 


Estimated. 


Poundt. 
601.6 
741.6 
791.6 


Actoal 
(average). 


Pounds. 
685.4 
734.0 
785.0 


Average 
loss  in 
weight. 


Density  of  cast  iron. 


Estimated. 


Actual 
(average). 


7.268 

7.2353 

7.2810 


Showing  an  average  loss  of  weight  from  the  prescribed  (estimated) 
which  may  be  put  at  7  pounds  for  each,  and  a  note  to  this  effect  has  been 
placed  on  the  drawing  to  govern  future  manufacture.  The  cause  of  this 
loss  of  weight  appears  (assuming  the  computation  of  cubical  contents 
to  ha\'e  been  correct)  to  lie  in  the  density  assumed  for  original  computa- 
tion, and  we  find  that  if  the  density  for  computation  of  weight  had  been 
assumed  at  7.10  (nearly)  instead  of  7.20,  the  design  of  shot  would  have 
inchuled  the  cubi(*al  contents  needed  to  produce  the  prescribed  weights; 
in  other  words,  the  cubical  contents  of  shot  (core  included)  should  have 
been  3,287  cubic  inches  instead  of  3,246,  an  increase  of  41,  correspond- 
ing to  the  additional  length  0.125-J-0.24=0.366  of  an  inch,  found  neces- 
sary from  the  outcome  of  manufacture. 

Observing  that  the  average  actual  density  for  the  three  lots  was  7.26, 
and  that  we  should  have  used  a  density  of  7.10  for  the  computation,  there 

•Computed  by  Table  VIII.     Ordnance  Office,  Angnst  20,  1884. 
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IS  shown  a  Jo88  of  about  2  per  cent,  ofilensiiy  or  ofKcijht  ichich  thh  man" 
ufactvre  shotcs  should  be  allowed  in  compnthuj  tlie  dimeimoHH  of  project' 
ilea  of  the  weight  and  ti/pe  under  consideration.  We  may  aecoiiut  for 
a  very  small  part  of  ibis  loss  by  the  draw  or  strain  of  the  core  which 
took  place  about  its  point,  but  the  principal  cause  must  lie  in  the  hick 
of  uniformity  of  density  in  the  mass  of  iron.  The  specimens  for  actual 
density  recorded  were  taken  from  the  thinnest  i)art  of  the  wall  of  shot 
opposite  the  core.  The  density  at  this  phice  is  considerably  greater 
than  in  the  center  of  the  thick  mass  which  forms  the  head  of  the  shot; 
the  mass  there  cools  last  in  the  casting,  and  the  iron  is  drawn  towiirds 
the  center,  as  shown  outwardly  in  the  draw  at  the  point  of  core. 

These  shot  were  cast  point  down  and  fed  with  hot  iron  at  two  risers 
from  the  base.  If  the  shot  were  cast  point  up  and  the  hot  iron  fed  into 
the  head,  that  portion  might  be  expt^cted  to  have  a  mi.re  uniform  density, 
and  there  would  not  be  so  great  a  loss  of  weight  as  shown  above.  The 
disadvantage  found  in  casting  shot  ])oint  up  is  thdt  the  point  does  not 
possess  the  strength  obtaineil  by  the  reverse  method,  and  is  apt  to  be 
unsound  even,  although  this  may  be  remeilied  by  having  a  sufficient 
riser  or  sinking  head  at  the  point.  In  the  i)resent  work  an  attempt 
was  made  with  one  lot  (15)  to  cast  point  up.  The  whole  cast  was  lost 
by  the  stripping  of  the  cores  from  their  stems,  which  were  made  for  the 
reverse  method  of  casting.  These  stems  were  tapered  towards  the  point, 
and  when  set  point  up  the  cores  were  stripped  upwanls,  this  action 
being  i)robably  assisted  by  the  burning  of  the  wrapi)ing  around  the  stem 
of  the  core  below,  which  in  this  jmsition  was  exposed  to  a  greater  heat 
than  in  the  reverse  method  where  it  is  near  the  top  of  the  casting.  A 
core-stem  having  studs  or  other  i)r()iecti<)ns  an)und  which  to  build  the 
core  would  be  necessary  in  casting  these  shot  point  up.  And,  referring 
to  what  has  been  said  before,  if  these  shot  shouM  hereafter  be  cast  in  this 
way,  the  shot  would  probably  be  heavier,  yet  would  still  notexceeil  the 
maximum  allowed  variation  of  i)his  lA  per  cent,  of  the  weight,  including 
the  addition  to  the  length  noted  on  the  drawing. 

RECORD   OF   CASTINGS. 

The  following  table  gives  a  record  ()f  the  lots  of  shot  cast,  the  mix- 
tures of  iron  (in  percentages)  in  the  air  furnace  fn»in  which  the  castings 
were  made  direct,  and  the  average  weights  of  shot  in  the  rough  and 
fjiished  state: 
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fte.:ord  of  c-iating^  and  le»lf  o/700,  7S0,  and  800 pouitd  12-iiioi  cored  »kot. 


The  reconl  gives  n  variety  of  suitable  mixtnrea  for  obtaining  a  tenac- ' 
ity  of  not  lestt  than  2H,1KM>  ]muu(ls  per  square  inch ;  and,  taken  in  con- 
nectioD  witli  the  results  obtiiined  froiu  castings  with  mixtares  contain- 
ing DO  t^nn-metal  or  old  sliot  from  airfuinace  castings,  It  shows  the 
mari^ed  advanliige  of  these  ingredients. 


IIASUFACTUBE   OF   THE   BANDS. 

Hotchkins  lifind  (Fig,  5). — Cast  in  the  form  of  a  ring  2,65  inches  long, 
11, fa  indies  interior  and  12.35  iuclies  exterior  diameter,  from  an  alloy  of 
95  ])arts  lojiper  and  5  partH  zinc  ur  spelter.  The  shrinkage  OD  the  diam- 
eter of  till-  ciisiLiig  111  cooling  is  about  0.  IS  of  an  inch.  Finished  first  on 
interior  lo  an  easy  driving  fit  over  the  bauds;  faced  at  one  or  bot.b  ends 
if  necessary  lo  true  them  to  2.48  inches  length;  plac€d  on  shot  and  ends 
bamniei'ed  down  into  grooves;  finally  finished  over  exterior  when  in 
plaee.  The  weight  of  the  cast  band  in  the  rongh  is  11.6  pounds  and  its 
finished  weight  is  G  pounds.  The  owners  of  the  patent  exact  a  royalty 
of  2  ct^iits  per  ponnd  of  finished  weight  of  projectOcs  on  which  these 
bands  arc  used. 

Roller}  and  annealed  copper  bands. — The  manDfoctore  comprised  all 

made  likt-  "  Modified  A."  fig.  3,  and  B,  fig.  4,  with  one-half  (137)  of  all 

all  made  like  0,  tigs.  1  and  6.     (l)Cutfrom  platesof  roUedcoppereevea* 

sixteenths  of  an  inch  thick  in  strips  39.5  inches  long,  osiug  eitlier  a 

9331  OE 20 
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plaDiuguiachiiic  or  a  saw,  aud  cutting  to  neat  width  of  under  side  of 
band,  with  sides  beveled  to  fit  the  seat  of  band  in  shot.  (2)  One  end 
of  band  beveled  across  width  to  slope  of  45o.  (3)  Bent  or  "  humped  ** 
along  middle  line  to  reduce  the  width  to  that  of  mouth  of  groove  in 
shot,  using  a  hydraulic  press  with  triangular  matrix  aud  die.  (4)  An- 
nealed by  heating  to  a  low  red  heat  and  plunging  into  water.  (5)  Laid 
in  groove  of  shot  and  hammered  down  with  sledges  to  fill  the  groove. 
Tbe  hammering  is  begun  at  the  prepared  end  of  strip  and  completed 
progressively  around  the  shot ;  when  the  circle  is  nearly  completed  tbe 
unfinished  end  of  strip  is  cut  across  diagonally  with  a  hand-saw  to  make 
a  neat  meeting  with  tbe  end  already  iu  place. '  ^6)  The  shot  is  mounted 
in  a  lathe  and  the  exterior  of  the  band  finished  m  place. 

The  bands  A  and  B  were  not  annealed,  and  the  toughness  shown 
by  the  metal  in  finishing  led  to  the  modification  of  A,  shown  in  fig.  3, 
viz,  two  grooves  encircling  the  band. 

A  saw  was  used,  with  great  economy  iu  material  and  labor,  for  cut- 
ting out  the  strips  for  the  greater  portion  of  these  bands.  The  saw  was 
5  inche^s  in  diameter.  It  was  mounted  on  the  standards  of  a  planing- 
machine,  aud  geared  to  run  at  first  about  300  revolutions  i>er  minute. 
This  motion  proved  too  slow,  and  was  afterwards  changed  to  nearly  700 
per  minute.  This  speed  was  retained,  but  the  saw  heated  rapidly,  and 
it  is  considered  that  500  revolutions  per  minute  would  be  a  proper  speed. 
The  sheets  of  copi)er  were  cut  aeross  on  a  planiug-machine  to  sections 
of  proper  lengths  for  the  strips,  and  also  bevel^  along  one  edge  to 
pro|>er  slope  for  side  of  baud.  The  sections  were  then  mounted  on  a 
sloping  frame- work  (wood)  attached  to  the  slide-plate  of  the  planing- 
machine  on  which  the  saw  was  mounted.  In  this  position  the  slope  of 
the  copper  plate  caused  the  saw,  which  was  set  vertically,  to  give  a 
proper  bevel  to  the  edge  ol  the  stri]),  aud  the  plate  was  loosened  and 
turned  upside  down  after  each  cut.  The  feed  was  requireil  to  be  so 
slow  that  in  the  case  named  it  was  done  by  hand ;  however,  with  the 
higher  rate  of  speed  one  cut  (39.5  inches)  could  be  run  through  in  about 
seven  minutes.  A  reservoir  of  oil  connected  with  a  rubber  tu^  was  used 
to  lubricate  at  the  cutting  place  of  the  saw.  The  slide  passed  the  plate 
under  the  shaft  of  the  saw,  which  revolved  to  cut  from  below  upwards. 

The  finished  weights  of  these  bands  is :  For  modified  A,  7  pounds; 
for  B  (aggregate  of  2),  6.25  iK)unds ;  and  C,  5  pounds.  The  loss  of 
raw  material  may  be  taken  at  about  40  per  cent,  of  the  weight  of  the 
saw  used  in  cutting  the  strips,  and  45  per  cent,  if  a  planiug-machine  is 
used. 

Oast  copper  bands. — The  manufacture  comprised  in  all  142  bands  made 
of  the  dimensions  of  G,  figs.  1  and  6.  The  alloy  for  the  casting  is  95 
parts  of  copper  and  5  parts  of  zinc.  The  bands  are  cast  in  two  parts, 
each  comprising  one-half  the  circle.  The  ends  of  these  half-bauds  are 
cast  with  a  bevel  of  45^  diagonally  across  the  width  ;  the  width  of  the 
casting  is  made  equal  to  that  of  the  mouth  of  the  groove  in  the  shot 
(1.35  inches),  and  the  form  of  the  cross-section  is  bowed,  having  parallel 
sides,  but  a  concave  about  0.25  of  an  inch  deep  on  the  interior,  and  a 
corresponding  convexity  on  the  exterior.  The  radius  of  the  interior 
circumference  is  made  6.0  inches,  and  the  normal  thickness  of  the  cast- 
ing 0.50  of  an  inch.  The  rough  weight  of  these  bands  is  8  i)ounds  and 
the  finished  weight  5  pounds.  Before  assembling,  the  parts  of  tbe  band 
are  dressed  with  a  file,  including  the  two  diagonal  ends  of  one-half  and 
one  end  of  the  other.  The  assemblage  is  made  in  the  same  way  as  the 
preceding;  after  the  first  half  is  set  in  the  groove  the  second  is  began 
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by  placing  the  dressed  end  iu  juxtaposition  with  one  end  of  the  as- 
sembled piece,  and  finally  the  surplus  end  of  the  second  half  is  cut  off 
as  may  be  found  necessary.    The  bands  are  then  finished  in  place. 

In  all  cases,  before  placing  the  bands  on  the  shot,  a  series  of  cuts,  four 
on  each  side,  were  made  with  a  hand-chisel  (diamond-point,  so  called), 
in  the  bottom  of  the  groove  near  the  side,  to  serve  as  notches  to  be  filled 
with  the  metal  of  the  band  and  prevent  the  possible  turning  of  the  band 
in  firing. 

Very  respectfully, 

ROGBES  BIRNIB,  Jr., 

Lieutenant  of  Ordnance. 


Hblpt2>3«2 


Appendix    22. 


ANNUAL  BEPOBT  OF  CAPTAIN  V.  A.  L7LE,  INSPMCTOS  OF  ORDVJNCS 
AT  SOUTH  BOSTON  IRON  WORKS,  BOSTON,  MASSACBU8BTTS,  FOB  THE 
TEAR  ENDING  JUNE  30;  1»». 

(3  plates.) 

The  Ghibf  of  Obdnanos*  U.  8.  A., 

WaBh%ngt»t^  D.  0.: 

Sib:  I  have  tbe  honor  to  sohmit  the  foUowiDg  report  tipon  the  oper 
atious  undertaken  for  the  Ordnance  Departibent,  United  ofeatea  Amjj 
by  the  South  Boston  Iron  Works  daring  tbe  fiscal  year  ending  Jane  90, 
1^86. 

During  this  period  the  fiftbrications  given  in  tbe  snbjoined  list  have 
been  undertaken  or  have  been  in  progress : 

LUt  of  /oMmKom. 


Order  or  contract  for  fortifloatkm. 


Tlnflniahed  at  beffinnins  of  fiscal 


Received  dnrinf;  fleoal  year  tndteg 
^one  30, 1888. 


May  17,Uee 
May  H1S88 


Jniien;U88 
jrniaS2,18M 


0)  OM»lS-faMli&L.B.,lMpad«idttbaiwttib 
(DOM   lUmdk  &  L.  abated  tvlie  wfva- 


(9)  Vlnial^^MaMibllBg;  A^tS-Aidli  &  L. 
Bn  ImmmA  SBd  tibad  wMil  alaal. 


(4)  nilaliiBC,aaaiimUiiif.ao..U.iBoli&L.BH 

alaal  niba  wira-wmpad. 
(6)  Taat  apaetaacDa  fromBoap  As  (azparlaeB- 

tia  oyUndar  IS-iiich  IL  C  B  mortar). 
(•>  TaalapeaimaiiaftomaacoBdcaatiBf  ibrlS- 

laah  B.Lb  B,ataal  toiba  wtra-wnniMd. 
(I)  CaiMiwi  bady  Ibr  UMsah  B  L.  ftfed  mc 

tar. 


IS 


T^al 


fron  JBttial  taiiatoii  rfnc 
'      fcrlt.|iMhBL.S; 


(10)  M01«>laehoai8dMBOM«ddMi. 

ai>  MO  abaU  te  iMMk  B  L.  ittad  nortar. 

OD  MOoaailnHi  adid  ahat  Ibr  U^aab  IL  L. 


(191  0,000  S-teah  aaradaliaO. 
a4  0,000  04bA  Oban. 


Of  the  above  list  the  following  noinbers  bate  been  completed,  and 
disi)osed  of  as  follows : 

No.  5.  Test  specimens  from  Hoop  A^  (Experimental  Uylinder  for  12- 
inch  M.  L.  B.  Mortar)  were  taken  oat  and  srat  to  Watertown  Arsenal  by 
express  ou  July  17, 1885.  Six  tangential  extension  specimens :  2  out- 
side, 2  middle,  and  2  inside. 


310  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

ISTo.  G.  Test  sju^cimoiis  from  second  casting?  for  12-iucb  B.  L.  rifle 
steel  tube,  wire  wrapped.  Tliese  tests  were  hicluded  in  my  last  an- 
nual report.     (See  Report  of  Chief  of  Ordnance,  1885,  j).  347  et  seq,) 

No.  0.  Test  specimens  from  initial  tension  ring  of  fourth  casting  tor 
12-inch  B.  L.  rifle  steel  tubes,  wire  wrapped,  were  sent  to  Watertown 
Arsenal  June  5,  and  June  14,  188().  (For  results,  see  l)elow,  under 
12-inch  B.  L.  R.,  steel  tubed,  wire  wrapped.) 

The  other  numbers  on  the  list  remain  nniiuished.  For  Nos.  1, 2,  and  3 
the  contracts  have  expired.  The  contract  for  No.  4  expii-es  October 
28,  1886.  Congress  extended  the  approjmations  available  for  the  fincal 
year  ending  June  30,  1886,  to  July  31,  1886,  and  Nos.  1,  2,  and  3  were 
dropped  from  my  progress  report  after  that  date,  owing  to  the  fttilnre 
ul  (^ongress  to  i)ass  the  necessary  api)ropriation  bill  to  carry  on  the 
work.  No.  4  will  be  droppcnl  from  my  i)rogre88  report  on  October  28, 
1886,  for  the  same  reason. 

I.— TwELVE-iNCH  Hooped  and  Ttjbbd  B.  L.  R.. 

The  Whitworth  steel  tube  has  been  inserted  in  this  gun  and  the  two 
rows  of  steel  hoops  have  been  shrunk  upon  the  exterior.  By  the  end 
of  July,  188(*,  the  east-iron  portion  of  the  bore  was  finished,  the  exti'- 
rior  over  the  lioops  finished,  and  the  bi-eeeh  of  the  gun  faced.  Since  the 
expiration  of  the  contracts  (of  which  the  South  Boston  Iron  Works 
waii^duly  notified)  the  company  has  continued  work  on  this  gun  at  their 
own  risk. 

The  condition  of  this  gun  at  the  present  time  is  as  follows : 

(1)  Exterior  over  hoops  and  at  breech  finished. 

(2)  Chase  unfinished. 

(3)  Muzzle  cylinder  lelt  for  bearing  to  be  turned  down  and  cut  ofll 

(4)  Chamber  to  be  finished-bored. 

(5)  Chamber  throat  to  be  countersunk. 

(6)  Bore  to  be  rifled. 

(7)  Breech  mechanism  to  be  fitted  and  assembled. 

The  hooping  of  this  gun  was  done  during  my  absence  under  orders. 
The  construction  report  of  the  gun  is  being  prepared  by  Lieut.  H.  D. 
Borup,  Ordnance   Department,  U.  S.  A.,  who  has  direct  charge  of  tiie 
work. 

II. — Twelve-inch  Tubed  B.  L.  R. 

(1)  Condition  of  gun. 

The  cast-iron  body  (made  from  the  fourth  casting)  is  in  the  lathe. 
On  July  1  the  sand  tool  had  entered  275  inches,  and  the  following 
reamers  had  been  inserted  to  a  distance  of  272  inches  from  the  breech, 
viz :  11, 11.25.  11.50,  and  11.75  inches.  The  exteriors  of  the  gun  and  of 
the  tube  were  being  turned.  On  July  31  the  gun  was  being  bored  to 
11.9  inches  and  the  steel  tube  to  11.87  inches. 

At  the  present  time  the  tube  is  bored  up  to  11.92  inches,  and  is  rough- 
turned  on  the  exterior.  The  gun-body  is  rough-turned  on  the  exterior, 
except  l>etween  the  trunnions.  The  interior  is  connterbored  for  the 
tube  to  a  diameter  of  16.5  inches. 

(2)  The  steel  tube. 

On  account  of  the  difficulty  experienced  in  obtaining  suitable  wire  fbr 
wrapping  this  tube,  the  Chief  of  Ordnance,  United  States  Army,  dedded. 
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April  28,  1886,  to  dispense  with  it,  and  line  the  gun  with  the  steel  tube 
alone,  inserted  under  a  slight  shrinkage.  The  change  of  plan  dimin- 
ished th(^  labor  to  be  performed  by  the  com])any. 

• 

(3)  Breech  mechanism. 

The  bushing  and  several  parts  of  the  breech  mechanism  are  as  re- 
ported in  last  Annual  Report. 

(4)  Third  casting  (12'inch  tubed  rifle). 

The  third  casting  for  12-inch  tubed  B.  L.  rifle  was  maile  October  16, 
1886.  The  details  regarding  furnace  charges,  melting,  casting,  and  the 
cooling  table  are  appended,  marked  Table  I. 

The  first  and  second  castings  for  the  body  of  this  gun  were  lost.  They 
were  reported  upon  last  year  (see  pp.  333  et  seq,.  Report  Chief  of  Ord- 
nance, 1885).  The  second  casting  was  made  December  23, 1884,  and  by 
May  23,  1885,  the  flask,  pit,  and  furnaces  were  ready  to  make  the  third 
casting.  On  July  29, 1885,  agreeably  to  the  personal  request  of  the  presi- 
dent of  the  South  Boston  Iron  Works,  the  Chief  of  Ordnance  granted 
authority  to  cast  this  gun  breech  up.  The  company  claimed  that  by 
casting  breech  up  they  would  apprehend  no  further  trouble  as  far  as 
the  casting  was  concerned. 

The  company  then  removed  the  sand  from  the  flask,  and  remolded  the 
gun  breech  up.  This  mold  was  ready  by  September  5,  1885.  The  pig- 
iron  first  procured  was.  on  hand  by  May  9, 1885.  From  this  date  until 
August  22, 1885,  the  time  was  spent  by  the  company  in  trying  to  get  a 
satisfactory  mixture  of  iron. 

The  company  then  desired  to  use  a  mixture  said  to  be  Austrian  pig- 
iron,  but  the  Department  declined  to  allow  a  change  from  the  standard 
mixture  adopted  for  the  trial  cylinder  to  a  new  and  untried  metal  of 
foreign  production. 

This  departure  of  the  company  from  the  standard  iron  caused  a  fur- 
ther delay  until  October  16, 1885,  when  the  third  casting  was  made 
from  iron  reported  to  be  Richmond  pig.  This  casting  ruptured  longi- 
tudinally from  the  top  of  the  riser  nearly  to  the  trunnions  and  trans- 
versely about  half  round.  By  November  the  casting  was  removed 
from  the  pit,  and  was  then  transferred  to  the  lathe  to  be  cut  up. 

By  January  9, 1886,  the  lower  section  of  the  core-arbor  was  removed 
and  repairing  it  was  begun. 

About  March  1  Mr.  Hunt  stated  that  he  had  Richmond  iron  ready 
for  a  fourth  casting.  The  flask,  pit,  and  furnaces  were  ready  on  April 
3,  and  the  fourth  attempt  to  cast  the  gun  was  made  April  5,  1886. 

Loss  of  third  casting. 

The  circumstances  of  the  loss  of  this  casting,  which  was  made  during 
the  writer's  absence  on  leave,  are  given  in  the  following  extracts  from 
the  reports  of  Lieut.  Henry  Dana  Borup,  Ordnance  Department,  XT.  S. 
A.,  Assistant  Inspector  of  Ordnance  at  this  foundry. 

Under  date  of  Uctober  16, 1885,  Lieutenant  Borup  reports  as  follows : 

I  have  the  honor  to  report  that  a  third  attempt  was  made  to-day  to  cast  the  body 
for  the  l2-iDch  wire-wrapped  tabed  rifle.  The  farnaces  were  tapped  at  12.44  p.  m., 
everything  proceeding  favorably  antil  about  1.12  o'clock,  when  the  normal  state 
ceased.  At  this  time  the  metal  was  within  aboat  7  feet  of  the  top  of  the  mold.  A 
great  development  of  gas  occurred.  caQsing  the  metal  to  boil  violently.  The  flame 
from  the  surface  rose  to  a  height  of  aboat  20  feet. 
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The  wat«r  in  tlio  arl>or  rapidly  rose  in  temperature,  it  being  mixed  with  steftin  m 
it  issued. 

Tlio  tlaiiit'H  Hiially  coamMl.  At  12.45  p.  m.  the  temperature  of  the  water  entering 
waH  r>H  .  For  thi^  tiist  eight  or  ten  minutes  there  was  but  little  change.  At  1  p.  m. 
it  was  71)^,  and  from  this  point  it  increased  regularly  till  1.11,  when  it  waa  90®.  At 
1.4.')  the  temperature  was  '20'JP.  In  the  interval  it  could  not  be  taken,  as  it  was  ittD- 
ing  in  a  jet  of  steam.  The  rat-e  was  chanced  at  the  time  of  the  accident  from  40  to 
50  gallons  per  minute.  The  furnaces  which  had  been  stopped  were  again  tapped  and 
the  niohl  tilled. 

At  2.02  p.  ni.  the  temperature  of  water  was  202^;  at  2-45  p.  m.  the  temperatoie  of 
water  was  172^;  at  3  p.  m.  the  temperature  of  water  was  Iw. 

The  eause  of  the  trouble  is  at  present  only  a  matter  of  conjecture.  The  high  tem- 
perature of  the  issuing  water  showed  that  the  coating  on  the  arbor  was  defective  at 
some  point,  allowing  the  metal  to  fill  up  the  flutes.  The  proper  evolution  of  gas  was 
stopiM*d,  and  that  in  connection  with  the  fact  that  the  arbor  had  been  made  up  for  a 
mouth  and  had  probably  absorbed  moisture,  which  was  set  free,  caused  the  boiling 
and  accompanying  flame.     *     *     • 

Again  nnder  date  of  October  26,  1885,  Lieutenant  Bomp  reports  as 
follows : 

I  have  the  honor  to  report-  that  the  casting  made  for  the  tubed  12-inch  rifle  on 
the  16th  instant  is  a  failure.  Water  was  shut  off  on  22d  at  4  p.m.,  having  ciroalated 
for  147^  hours,  during  which  time  the  temperature  had  varied  fh>m  that  of  steam  to 
5tP,  the  same  as  that  of  the  hydrant  water. 

The  stripping  of  the  flask  commenced  as  soon  as  practicable.  At  5.15  p.  ni.  Satur- 
day,  the  24th  instant,  three  sections,  aggregating  121^  inches  in  length,  had  Ix^n  nr- 
moved,  rt^vealing  a  crack  in  the  piece  extending  from  the  upper  face  of  the  riser 
longitudinally  downwards  as  far  as  the  casting  was  exposed.  How  much  farther  it 
contiuues  cannot  Ijo  told  until  the  entire  flask  is  Ktripped. 

•  •••••* 

On  the  19th  iustant,  about  11.15  a.  m.  Mr.  Arthur  Hunt  and  several  of  the  workmen 
heard  a  dull  report  in  the  pit,  which  they  snpposed  was  caused  by  another  spider-leg 
snapping  ofl*,  but  which  was  undoubtedly  the  gun  itself. 

The  cau^4e  of  this  failure  may  be  due  to  the  core-arbor  coatiug  flaking  off  on  one 
si<le  and  the  consequent  rapid  cooling  of  the  gnu  in  coutact  with  this  portion,  caus- 
ing the  metal  to  set  and  stresses  to  be  thrown  on  the  remaining  part,  which  its 
strength  was  not  suthcieut  to  withstand. 

The  cracked  castiug  was  transferred  to  the  lathe  and  eight  sections 
were  cut  from  the  breech  end,  as  shown  in  the  accompanying  Plate  I. 
Tlie  sections  are  lettered  lix)in  A  to  H,  in  the  order  of  their  removal 
from  the  breech. 

In  cutting  of  the  section  (A)  at  4^  feet  from  the  breech  the  tool  had 
cut  in  circum  fere  lit  tally  about  3  inches  when  the  metal  cracked  oircom- 
fereiitialiy  with  a  loud  and  startling  report,  and  at  the  same  time  a  new 
longitudinal  cmck  opeue<i  from  this  section  down  toward  the  tmnnions. 
This  was  on  the  opposite  side  from  the  first  crack  and  extended  toward 
the  trunnions  3.6  inches,  and  then  divided  into  three  branches. 

Notwithstanding  the  wrought  iron  bauds  bolted  around  the  circum- 
ference of  the  casting,  the  tirst  (original).  A  cmck  was  oi>en  at  the  breech 
end  of  ii  1^  inches,  and  the  second  (new)  crack  had  an  opening  of  f 
inch  at  the  same  end,  and  both  extended  through  the  walls  of  the  gmi 
to  the  core  arbor. 

The  meial  around  the  core-arbor  was  chilled  and  presented  an  ap- 
pearance similar  to  that  of  the  Butler  chilled  shot.  The  core-arbor  waa 
broken  oif  in  winlging  oif  the  fust  or  breech  section,  and  presented  a 
highly  crystalline  fracture  with  coarse  crystals,  appearing  very  macb 
like  argentilerous  galena.  The  transverse  fracture  was  convex  toward 
the  muzzle  (lower  end),  as  in  the  case  of  the  second  casting  heretofore 
rei>orted  upon. 

The  fractui*e  showed  blow-holes,  espeinally  on  one  side,  that  were  dean, 
thus  showing  that  they  were  not  due  to  impurities,  but  to  the  impria- 
oned  gases  that  endeavored  to  esca[)e  u])  through  the  melted  metal. 
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The  following  table  gives  some  data  noted  daring  the  cutting  up  of 
the  gun : 


a 
e   I 

*^ 

<ii   I 
v: 


A 

B 

(; 

D 
E 

F 


11 


Depth  of 
out. 


Depth  of  chill  at 
core-arbor. 


n 


Inches. 

"3 

9 

15 

15i 
15i 
16 


Thickness  of  oore- 
arbor— 


Ato®   I    At  180O. 


Size  of  largest  cavity. 


i 


3 

•a 


p. 


Inefies.      Inches. 


2i  to  2i  inches  ..;    0.425 
2  inchen 


2  incbes 


2  inches 


0.875 


0.9 
1.2 


2  inchest. 


1.2 


IG    i  Deeper  than  Ft.l    1.4 


'15 


No  chill 


;i.4 

>1.1 


1.3  > 
1.55^ 


Inches.  Inch  J  Inches. 


2i 


H 


3 


§1.1 


Remarks. 


DiHtance  of  cavity  from 
exteiiur,  18  inches. 

Cavity  1^  inches  deep  on 
one  Hide  of  cat,  and  I)" 
on  the  other  side. 

Ori^ual  crack  as  large  as 
Vefore;  second  crack 
very  fuint. 

No  flutes  left  on  arbor; 
no  evidence  of  second 
crack. 

No  flutes.  A  large  sec- 
tion extending  from 
lenr  of  hth  cut  (U)  to 
front  of  7lh  (G)  split 
ofl".  It  istliix'udof  thu 
original  crack. 
Thickness   measured 

over  grooves. 
Thickness   nieusured 
over  flutes. 


*Al>ont. 

t  The  depth  of  chill  was  2  inches  near  the  crack,  and  1  inch  in  depth  at  90°  from  it. 
t  Tho  depth  of  chill  in  section  G  avoraj^^ed  deeper  thau  in  F.  being  from  1^  to  2  incbes. 
§  Tho  depths  of  the  principal  cavities  in  section  H  were  as  follows: 


No.  of  cavity.  I     Depth. 


1 
3 

3 

4 


l."l 
0."9 
0."5 
0."6 


After  the  removal  of  the  eighth  (H)  section,  the  depth  of  the  princi- 
pal cavities  in  the  breech  end  of  the  casting  near  the  trunnions  was 
measured. 

Depth: 
Inones. 

Cavity  1 4.0    (near  axis  of  trunnions). 

Cjivitv^   0.6 

CavitV3 0.3 

Cavitv4 0.7 

Cavitv  r> 1.5 

CavitVo 0.75 

Up  to  the  eighth  (H)  cut  the  core-arbor  was  found  to  be  fused  to  the 
casting  and  broke  off  with  each  section.  The  fluting  was  destroyed  and 
the*  iron  around  tlie  core-arbor  was  chilled.  After  the  removal  of  the 
oightli  section  the  core-arbor  was  found  to  be  movable,  and  was  drawn 
out.  The  section  of  the  arbor  from  the  eighth  cut  to  the  nextjoint^to- 
wanls  the  muzzle — 6  feet  2  inches  long — was  rejected.  The  two  chase 
sections  of  the  core-arbor  were  saved.  One  section  was  12'.2''  long, 
the  other  or  muzzle  section  was  4^4"  long. 

It  was  evident  that  the  scaling  of  the  core  mixture  from  the  arbor 
caused  the  violent  ebullition  of  the  melted  iron  during  the  casting. 
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The  flaking  off  of  this  core  let  the  melteil  iron  come  in  contact  with  the 
barrel,  and  prevented  the  e^ape  of  the  gases  through  the  usual  fluted 
channels. 

The  iron  being  in  contact  with  the  metallic  arbor  was  rapidly  chilled 
by  the  large  vohime  of  water  passing  through  the  core.  The  fluting 
on  the  exterior  of  the  core  barrel  was  completely  destroyed  and  the 
wrought  iron,  was  partially  melted  on  the  exterior,  thus  emphasizing 
the  danger  arising  from  the  former  use  of  cast-iron  core  barrels.  Hail 
this  arbor  been  of  cast  iron  instead  of  wrought  iron,  it  would  have 
dissolved  in  the  melted  bath  and  permitted  the  water  to  come  in  con- 
tact with  the  molten  iron,  producing  an  explosion  and  a  large  loss  of 
life.  In  tlie  excitement  of  the  accident,  the  clamp-screws  for  the  triptMt 
were  not  loosened,  and  the  heat  expanded  the  arbor  sufficient  to  cause 
it  to  buckle  badlv.  The  deflection  of  the  arl>or  from  the  center  of  the 
casting  at  section  "H"  was  about  3J  inches. 

PLATES. 

Plate  I,  Fig.  1,  is  a  tracing  of  the  casting  drawn  to  scale,  showing 
the  cracks  and  the  details  of  cutting  up. 

Figs.  2  and  3  are  the  front  and  rear  faces  of  the  first  or  sinking  head 
section  (A).    They  are  self  explanatory. 

It  was  deemed  import<ant  to  have  photographs  taken  of  the  ends  of 
the  longitudinal  cracks.  Fig.  2  shows  the  positions  of  photographs 
Nos.  1,  2,  3,  which  are  transmitted  herewith.  Nos.  1  and  2  show  the 
broken  end  of  the  core-arbor.  Nos.  2  .ind  3  show  the  cavities  due  to 
imprisoned  gas. 

Ko.  4  is  an  admirable  representation  of  the  rear  end  of  the  gnu  after 
first  section  was  cut  off,  showing  the  chill  around  the  core-arbor  aud 
the  melting  away  of  the  wrought  iron.  No.  5  shows  the  new  longi- 
tudinal crack  and  its  branches,  and  the  wronght-iron  bands  for  hold- 
ing the  casting  together,  while  cutting  oft'  sections.  No.  6  shows  the 
front-end  of  the  original  crack.  No.  7  shows  the  front  end  of  the 
second  section  (B).  No.  8  shows  the  rear  end  of  the  third  section  (C), 
and  on  the  up])er  and  right-hand  i)ortions  it  shows  the  bubble  holes 
or  cavities  caused  by  occluded  gas. 

The  experience  gaiue<l  from  this  casting  teacher  that  it  is  safe  aud 
pru<lent  for  the  Government  to  reject  any  casting  where  an  ebullition 
or  escape  of  gas  up  through  the  melted  metal  takes  phu^e,  no  matter 
how  good  the  casting  appears  u])on  the  exterior  or  at  the  first  section 
cut  oft'. 

FOURTH  CASTING. 

The  fourth  casting  for  the  12-inch  tubed  rifle  was  made  April  5,  188& 
It  was  cooled  and  removed  from  the  pit  by  May  1  and  is  now  in  the  lathe 
being  bored  and  turned. 

The  details  regarding  furnace  charges,  melting,  casting,  and  theoool- 
ing  table  are  appended,  marked  Table  II. 

A  glance  at  the  cooling  table  will  show  that  the  company  has  agaiu 
departed  Irom  the  usual  Hodman  system  of  cooling.  The  core  arbor  was 
left  in  over  4  days  (08  hours),  and  40  gallons  of  water  per  minute  was 
allowed  to  pass  through  the  (•ore  barrel.  The  temperature  fell  in  that 
time  from  92^  to  48.3^.  Then  2  hours  was  occupied  in  removing  the  core 
barrel,  after  which  the  bore  was  filled  slowly  with  water  and  allowed  to 
evaporate  or  pass  oft' as  steam  for  115  hours.    Just  enough  water  was 
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a<liuitted  to  supply  the  waste.  For  the  next  7  hours  a  hand-pump  was 
used  to  remove  hot  water  from  a  point  about  15  feet  below  the  top,  cold 
water  beinj:^  supplied  at  the  top  to  keep  the  bore  full. 

During  the  7  hours  the  temperature  fell  from  165  to  105o.  The  pump- 
ing was  necessarily  irregular,  and  no  exact  record  could  be  kept  of  the 
amount  of  water  passed  through.  The  gun  then  stood  13  hours,  and 
the  tenn)erature  rose  57  to  l(>2o,  when  the  pumping  was  resumed  for  2 
hours,  lowering  the  temperature  to  96o. 

A  siphon  was  then  inserted  and  operated  for  9  hours,  lowering  tem- 
})erature  from  96  to  62°,  or34o  in  the  tirst  hour,  and  finally  to  58°,  or  a  fall 
of  380  in  all. 

Another  rest  of  13  hours  sent  the  temperature  up  to  130^,  when  the 
bore  was  filled  with  cold  water  and  the  casting  was  then  stripped. 

No  record  was  obtained  of  the  amount  of  water  used  during  the  em- 
ployment of  the  siphon. 

R^SUM^  OF  COOLINO. 

Hoars. 

Core  barrel  in— 40  gallons  per  minute 98 

Removing  core-barrel 2 

Steam  escaping  from  bore,  waste  supplied  by  cold  water ^ 115 

Han<l-j)unip  removing  water  from  15  feet  beldw  surface,  and  coW  water  supplied 

to  kov\)  gun  full .' 7 

Gun  fille<l  with  water,  stood 13 

Haud-])ump  used  as  before..../ 2 

Siphon  used — no  record  of  water  admitted 9 

Gun  tilled  with  water,  stood 13 

Total  time  cooling 259 

The  casting  was  removed  to  the  lathe,  and  an  initial  tension-ring  was 
taken  out  next  the  breech  for  test  specimens. 

PHYSICAL  PROPERTIES  OF  FOURTH  CASTING. 

(a)  Initial  tension-ring — breech. 

Exterior  diameter  of  ring inches . .  57. 4 

Exterior  circumference  of  ring do 180.3278 

Interior  diameter  of  ring do 11. 375 

Interior  circumference  of  ring do 35. 7357 

Thickness  of  ring do 3. 1 

Radial  slot  : 

Width  before  rupture — exterior do 0. 5 

interior do 0.45 

Width  after  rupture — exterior do 0. 566 

interior do ... .     0. 52 

Fractured  section: 

Length do....  2.3.027 

Thickness do....     0.118 

Areji square  inches..     2.717 

Extension  per  linear  inch  on  exterior 0.000366 

Initial  tensin  (3^  tons) poands..     7,810 
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Tabi£  I. — Statement  of  fabrication  of  ordnanodjfor  the  service  of  tke  Untied  elates,  b$' 
the  South  Boston  Iron  Works^  at  the  South  Boston  Foundry ,  under  the  attpervinon*  of 
Capt,  1).  A.  Lyley  l)rdnance  Departmenty  U.  S.  A. 

(Third  oMting  for  the  12-inoh  B.  L.  R.  gan  with  wire- wrapped  steel  tabe.    Cast  October  18, 188Su] 

CHABGE. 

Ironus9d. 


Furnaces. 


Grade  of  iron. 


Nal.'.  Na2. 


No.1 

No.2 

No.  3,  hard 
No.  8,  soft . 
Bemelted.. 


Pounds.  Pounds. 


NaS. 


Total. 


Total 


15,000 
17,000 
16.000 
22,000 


70,000 


15,000 
17,000 
16,000 
22,000 


70,000 


Pounds.  Pounds. 


15.000  I 
17,000 
16,000  ' 
22,000  I 


45,000 
51,000 
48,000 
60,000 


70,000 


210,000 


Ooal  eontumed.—'Sot  famished  by  company. 
Okaraeter  of  tut  sOeks.^^ot  taken. 


RECORD  OF  CASTING. 


Fomaces  fired  October  15,  1885,  at  9  p.  m. 
Metal  down  October  10,  IS.-s),  at  (>  a.  iii. 
Time  of  melting,  9  hours. 
Time  in  fusion,  6  hours,  45  minutes. 
Gun  cast  October  It),  ISST),  at  V-IA4  p.  m. 
Time  occupied  in  casting,  "2^1  minutes. 
Temperature  of  water  entering  coro-bar- 

rel,  r>8  degrees. 
Temperature  of  water  leaving  core-barrel 

at  2  p.  m.,  202  degrees. 
Rate  of  water  per  minute,  50  gallons. 
Fire  kindled  in  })it,  12.42  p.  m. 


Temperature  of  pit  in  8  hours  and  37  min- 
utes, 156  degrees. 

Rate  of  water  per  minute  chansed  at  4 
a.  m.,  October  21,  ltiW5,  to  3(5  gallons. 

Temperature  of  water  entering  core-bar- 
rel, i)S  degrees. 

Temperature  of  water  leaving  core-barrel, 
()IJ  degrei'S. 

Rate  of  water  changed  at  9  a.  m.,  October 
22,  18H5,  to  5  galhms. 

Total  time  in  cooling  gun,  147^  hours. 


•The  entire  operation  and  superintendence,  and  responsibility  for  the  casting 
under  the  direction  of  the  ibuuders,  and  the  only  supervision  exercised  by  the  in- 
s]>ectors  was  that  required  by  the  contract,  so  far  as  it  provides  for  inspeotions  at 
every  stage  of  the  manufacture. 
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u  l.—SUttmtnt  V/>Mm«m  o/'ontaoHOt,  ^— Contiaoacl. 


'Core-bunl  cmid  not  be  wltbdnwii. 
I  Wnicr  1  kte  chaniwd  to  W  galtoM  par  ■< 
;  WoMr  iM>  rattond  to  tn  (iIIom  per  ■! 
aWMer  rate  changed  to  M  gaUma  par  ml 
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Table  IL— Statement  of  fabrication  of  ordnance  for  ikeeercioe  of  ike  United  Siaie$j  h§ 
South  Boeion  Iron  WorkSf  at  the  South  Boston  Foundry^  under  the  aupervieUm  of  ci^ 
D.  A,  LyiCf  Ordnance  Department,  U,  S.  A. 

[l^oorth  costing  of  12-inch  B.  L.  B.  gun,  steel  tabe  wire-wnippcd.    Cast  April  5, 1881^1 

CHABGB. 
IronuMi. 


Fanacee. 
Grade  of  iron. 

Bicbmond— 

:  NaL 

• 

No.2. 

No.  8. 

ToIbL 

Poimdt. 

No.2 15,000 

No.thaTd* '  17,000 

PouimU  IPOimmU 
15,000     15,000 
17.000     17  AfW) 

Pownie. 
45,000 
51.000 
48,000 

66,000 

No.8,Boft 18.000 

Na  3,  Remelted 22, 000 

16,000 
22,000 

16,000 
22,000 

Total 70,000 

70.000 

70.000 

210.000 

*No.  8,  hard,  is  olassifled  as  No.  4  at  this  foundry. 
Coal  eonrntmed. 


Famaces. 


No.l.      Na2. 


I 


,  Tona.  Ton*. 

Melting ..          11  11 

Fusion 4  I  4 

Total 16!  15 

I 


Na3.   I  Totals. 


15 


I 


Torn.   ,     TbiM. 
11  '  38 

4  12 


45 


RECORD  OF  CASTING. 


Furnaces  fired,  April  4,  at  9  p.  m. 

Metal  down,  April  5,  at  8  a.  m. 

Time  of  melting,  11  honrB. 

Time  in  fusion,  4  hours  9  minutes. 

Qun  cast,  April  5,  at  12:43  p.  m. 

Time  occupied  in  casting,  33  minutes. 

Temperature  of  water  entering  core-bar- 
rel, 43  degrees. 

Temperature  of  water  leaying  core-barrel, 
88  degrees. 

Bate  of  water  per  minute.  40  gallons. 

Fire  kindled  in  pit,  April  5,  12:44  p.  m. 


Fire  in  pit  went  out,  April  6,  7  p.  m. 
Fire  in  pit  burned,  30)^  nours. 
Water  snut  oflf,  April  8,  at  2  p.  m. 
Core-barrel  removed,  April  8,  at  4  p.  m. 
Water  entered  gun,  April  8,  at  4  p.  m. 
^Rate  of  water  per  minute,  f  gallon. 
Temperature  of  water  entering  gun,  43 

degrees. 
Temi>eratnre  of  water  leaying  gun  in  — 

minutes,  steam  degrees. 
Total  time  in  cooling  gun,  259  hoara. 


*  Water  did  not  flow  through  as  usual,  but  Just  enoogh  was  supplied  to  immpomato 
for  evaporation. 
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Tablb  11 — Statement  of  fabrieatioit  of  orinaitoe,  4v. — Continued. 
C00LING-TABLX8. 
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MECHANICAL  T2BT8. 
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Table  II — StaUnment  of  fahricaiion  of  ordnance^  iS'c, — Coutiuaed. 
INITIAL  TENSION  FKOM  BllEECH. 


.  Thirk. 


I 


CircQinfer-     Exterior 


I 


lCTtf>Hnr    TntPH.ir  ■  ■^"""'*  I  Thii'ii «*.«»!  uircxiiiirer-     i£xterior   I 

MAi>fi<»i     ,  opeiimp. !   oi.eiiiii«j.    oxttnor         nicum- 

of  riDg.         ferenoe.    i 


of  ring.   =  of  ring. 


of 


Initial 


Inehet. 
57.4 


Inchet. 
11. 375 


nng. 

I  "i 

Inehet. 
3.1 


Hectiou.    t 


I 


Inch. 
0.118 


Inch. 

.07 


Inch. 
.066 


Inchen.  Inch. 

180.3278    '    0.000360 

I 


7, 810 


Table  III. — iSiatement  of  fahrivation  of  ordnance  for  the  service  of  the  United  SiaieB^  If 
South  Boston  Iron  Works  at  the  South  Boston  Foundry^  under  the  supervisiom  of  dfi. 
D.  A,  Lyhf  Ordnance  Department,  U.  S.  Army. 

tl2-inch  B.  L.  K.  Mortar,  caat  July  80,  1886.] 


CHARGE. 
IroniiMd. 

Grade  of  iron. 

FnmaoeB. 

No.  1.     No.  2. 

No.  3. 

Total. 

1     No.   1  

Lb$. 

Lbs. 

No.    2   

8, 000    

8,000 
14,000 
12,000 
20.000 

.  *Vi..  3    If nrd 

.  — 

14. 0<K)      

1     Vo-    3   Soft 

12, 0»M»    

'    Remelted 

20,  OlH)    -  - 

Total 

aiMiflc 

CI 
Coal 

! 

1 

54, 000    

1 

54.000 

*No.  '.i  hard  is  c1 

<\  as  No.  4  at  th 

lABGE. 
Consumed. 

Famaoe 

is  fonndi 

ry. 

1 
! 

No.  1. 

1 

B. 

No.  2.                  No.  3 

1 

ToteL 

1  Melting 
'  IHision. 

'       Total 
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SEPOBT   OF   THE   CUDCF   OF   OBDNANCE. 
Table  III.— Statement  o/fabrimium  of  ordnanee,  ^o.— CoDtmued. 

BKCOBD 

Furaaces  Stud  July  30,  at  3  a.  m. 

Mctul  (lowD  at  11  a.  m. 

Time  of  meltiDg,  6  hoora. 

Time  in  fusion,  4b.  H6111. 

Gnu  cait  July  30,  at  3.49  p.  m. 

Tiiiie  occupied  lu  castinK,  13 

T«Lii))erataTii  of  traler  enterin 

rei,  71  degrees. 
Temperature  of  water  leaviDg' 

1U5  tiet-rees. 
Rat«  of  water  per  minute,  'il  EallonB. 
Fire  kindled  in  pit  July  30,  ItSu,  4  p.  ni. 
Fire  in  pit  went  oat  August  1,  l>m,  1.15 


j(  core-bar- 


Core-bairel   Removed  ADK<ut   1,  at  9.40 

Water  entered  gun  August  1,  at  10  a.  m. 
Bate  of  water  per  minute,  10  gallon*. 
Temperature  of  water  entering  gno,  71 

Temperature  of  water  leaving  gnu  in  9P 

minuteB,  153  degrees. 
Total  time  in  cooling  gnu,  8U  hours. 
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Appuudix  23— 18«6. 


Appendix    23. 


r  SHOWING  THE  NATURE  AND  PROGRESS  OF  THE  WORK  DONE 
^HE  ORDNANCE  DEPARTMENT,  U.  8,  ARMY,  BY  THE  MIDVALE 
'.  COMPANY,  DCRINa  THE  FISCAL  YEAR  ENDING  JUNE  ;W,  1886. 

By  Lieut.  F.  E.  Uobbs,  Ordnance  Department. 

MiDVALE  Steel  Wobks, 

Philadelphia,  Pa.,  July  20, 1886. 

[lEP  OF  Ordnance,  U.  S.  A., 

Washington,  1),  C, : 

Complying?  with  your  instructious,  I  have  the  honor  to  submit 
3wing  report,  showing  the  nature  and  progress  of  the  work  done 
Ordnance  Department  by  the  Midvale  Steel  Company  during 
al  year  ending  June  30,  1886.* 

ig  the  time  specified  the  Midvale  Steel  Company  continued  work 
he  following  contracts  with  the  department,  viz: 
orgings  for  fifty  steel  tubes,  breech-cups,  and  muzzle-collars  for 
converted  rifles. 

orgings  for  the  parts  of  twenty -five  3.2-inch  steel  breech-loading 
ns. 
11  be,  jacket,  and  trunnion-hoop,  for  an  8-inch  steel  breech-load- 


Kj>erimental  trunnion  hoop  for  an  8-inch  steel  breech-loading  rifle. 

also  undertook  to  execute  the  following  contracts  for  steel  for  gun 

ction,  viz: 

orgings  for  the  parts  of  a  5-inch  steel  breech -loading  rifle. 

ne  forged  hoop  for  a  10-inch  cast  iron  wire-wound  rifle. 

ive  forged  hoops  for  a  10-inch  steel  breech-loading  rifle. 

ne  hundred  and  four  rolled  steel  billets. 

orgings  for  the  breech  mechanism  of  an  8-inch  and  a  10-inch  steel 

loading  rifle,  and  a  12  inch  breech-loading  rifled  mortar. 

Twelve  rolled  hoops,  and  one  forged  trunnion-hoop  for  a  12inch 

loading  rifled  mortar. 

is  date  those  numbered  2,  4,  and  6^  are  completed,  and  those 

ed  1,  3,  5,  7,  8,  9  and  10  are  still  in  hand. 

GS    FOR    FIFTY    STEEL    TUBES,  BREECH  CUPS,   AND    MUZZLE- 
COLLARS  FOR  8-INCH   CONVERTED  BIFLES. 

equired  dimensions  and  physical  qualities  of  these  forgings,  with 
•count  of  their  manufacture  and  summaries  of  the  results  of  the 
specimens  taken  from  them,  were  given  in  the  report  for  the  fiscal 

y  :ill  iiutbriiiiitioti  relative  to  manufacture  is  omitted  in  this  report,  as  The 
StiM'l  CompiMiy  (Icisiro  that  all  details  of  this  nature  shall  be  considered  con- 
,  and  for  the  use  of  the  Department  only. 
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year  endiug  Jane  30, 1885.  At  that  date  fifty-six  tabes  bad  been  forged, 
of  which  twenty-seven  had  been  accepted  as  to  physical  qnalities,  and 
six  had  been  rejected. 

At  the  present  writing  sixty-four  tabes  have  been  forged,  of  which 
forty -seven  have  been  accepted  as  to  physical  qualities,  and  fifteen  have 
been  linally  rejected. 

Of  the  accepted  tubes  twenty-six  were  accepted  on  the  results  of  the 
test  of  the  first  si>ecimens  submitted ;  eleven  were  retreated  and  retested, 
three  of  the  eleven  being  twice  retreated  and  retested;  and  ten  were 
retested  simply ;  two  of  the  ten  being  twice  retested,  and  one  l>eiug 
three  times  retested. 

The  manufacture  has  been  considerably  delayed,  owing  to  the  fact 
which  was  noted  in  the  former  report  that  the  rough  forgings  have  to  be 
sent  to  another  firm  to  be  rough  turned  and  bored  before  treatment, 
and  also  because  so  much  testing  has  been  done.  This  latter  cause  has 
sometimes  kept  one  forging  in  question  for  a  number  of  months  betbre 
its  final  rejection,  and  hence  before  the  work  of  replacement  could  be 
commenced.  The  retestiug  of  a  forging  when  it  is  not  accepted  from 
any  cause  which  can  probably  be  overcome,  as  shown  by  the  results  of 
test  of  the  first  set  of  s])ecimens  presented,  is,  of  course,  only  fair  to  the 
manufacturer,  but,  as  stated,  it  necessarily  delays  completion  of  a  con- 
tract if  the  retested  piece  is  finally  rejected. 

The  percentage  of  rejections  of  these  tube  forgings  has  been  quite 
large,  in  fact  much  larger  than  any  manufacturer  could  well  affortl  in 
current  work,  showing  how  much  experience  and  well  considered 
previous  plans  are  required  before  the  supply  of  material  of  the  high 
character  required  for  gun  construction  can  l)e  successful ly  undertaken. 
The  reason  \^hy  so  many  of  the  tubes  did  iwt  show  excellent  results  of 
test  will  not  be  discussed,  as  a  full  discussion  here  would  necessitate  a 
publication  of  many  points  which  The  Mitlvale  Steel  Company  regard  as 
confidential.  It  is  my  opinion,  however,  disregarding  the  points  ot 
manufacture  which  cause  failun*,  but  whicli  were  improved  u))on  duriui; 
the  life  of  the  contract,  that  the  principal  cause  of  the  large  nunilier  of 
rejections  was  the  too  small  weight  of  the  ingot  used.  I  believe  that 
now  this  company  could  take. a  similar  contract  and,  making  the  lubes 
from  larger  ingots,  save  a  very  large  percentage  of  the  final  rejections 
and  considerable  of  the  retreatmont  and  retesting  requin^d  in  filling  this 
contract. 

The  contract  sj)ecifications  as  to  the  physical  qualitiei^  of  these  tubes 
were  fully  met  by  the  results  of  test  of  the  first  set  of  specimens  presented 
in  the  following  cases. 
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Reaultit  of  tsfiaile  iesttt  of  tangential  specimens  from  ends  of  tubes  for  S-itich  converted 
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[Leugth  of  specimen,  3  inohes  ;  sectional  area,  0. 25  of  a  square  inch.] 
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of 
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lusidt;  . . 
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Middle  . 
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Outiiide 
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Middle 

luside 
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Middle 
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Middle 

Inside  . . 
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Middle 

Inside  . . 
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Inside  . . 
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Middle  . 
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Inside  . . 
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Outside 
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Outside 
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luside. . . 
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Pounds, 

44.  (iOO 
43.  000 

40,  000 

45.  000 
42,  000 
41,000 
38, 000 
41,000 
39.  000 
49,000 
44,000 
47,000 
43,000 
45,000 
41,000 
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41.000 
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43.000 
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46.000 

42.  000 
37.000 
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44.000 
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41,  000 
46,000 
45,000 

43,  000 
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41,000 
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43.000 
41,000 
43,  000 
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45,  000 
45.000 
43,000 
44,000 
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46.000 
44.000 
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.  001433 
. 001200 
.001400 
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. 001467 
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.001367 
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.001367 
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Poundt. 
73.  920 
79, 080 
70.  .140 
83,000 
•78. 640 
77, 280 
80.960 
70,800 
7f..680 
89.  040 
81.080 
00.160 
81.440 
84,680 
79.800 
81,600 
80,600 
84.160 
76.680 
78,320 
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79.040 
78,840 
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75,  520 
78,800 
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76,800 
77,840 
80.400 
81,200 
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81,  200 
84,000 
83,600 
81,400 
80,160 
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82,600 
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30.0 
25.0 
23.33 
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25.67 
23.33 
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22.67 
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23.0 
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24.0 
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22.33 
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23.67 
26.67 
24.33 
33.0 
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Per  cent. 
57. 0 
47.2 
41.9 
44.6 
54.6 
54.6 
47.2 
49.7 
49.7 
47.2 
49.7 
30.2 
49.7 
54.6 
54.6 
49.7 
49.7 
44.6 
52.2 
47.2 
47.2 
44.0 
52.2 
44.6 
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44.6 
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52.2 
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47.2 
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49.7 
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47.2 
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52.2 
44.6 
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40.7 
49.7 
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49.7 
54.6 
40. 
52. 
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49.7 
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7.8592  !  18.99 


7.8569 


7.8538 


13.38 


16.31 


7.8539 


7.8525 
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7.8492 
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13.40 
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14  26 
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7.8594  I  12.60 


7.8551  i  13.59 


7.8667 


14.54 


7. 8600  I  15. 20 


3J8  BEPOBT  OF   THE   CHIEF  OF  OBDNANCE. 

Tbe  DepHrtiiieiit  lias  liecii  qtiitt^  lenient  towanls  tbe  manufaetnrer in 
accepting  tubes  which  fairly,  but  not  fully  iilipd  ilie  ctJiitract  specifica- 
tious,  where  leniency  seemiil  iwrfcctly  pmper  afttir  full  consideration 
of  all  the  details  of  manufacture;  U>  whatexti.-ut  is  partially  ^owu  hy 
the  results  of  the  test  of  the  following  tubes,  accepted  on  the  rosnlts 
of  the  test  of  the  first  set  of  apectmeus  preseuted : 

Raitltt  of  teitnle  (aU  of  taiigeoiial  »pedMri>f  from  rnd*  of  tubn  for  S-imek   mmttrfi 

ri/lM. 

[Lrcgtbut  Hpi'dmrn,  3lDchuBi  •octional  ank,  Q-Uof  kaqoue  Inob.) 
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Tiihert  which  we're  retested  aud  aceui)te(i  gave  the  following  final  re- 
sults, eirlier  fully  or  fairly  filling  tlie  siieciflcatioos : 

Itetnlla  0/  lensile  leils  of  tangential  »peointn$ /ran  endi  of  tubet  for  M-inok  eonverUd  riflei 
(Leaglh  of  Bpeclioen.  3lDohu^  B«olional  mreA,  0, 25  of  A  flqiure  inoh.] 
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ResuliB  of  ten  site  tenti*  of  tatty  tHiial  sptvitnittafrotH  ends  of  tubes  for  d>iitcA  com 

OoDtioned. 
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liiHid(>  .. 
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Middle 
Iiisidi'    . 
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Middle 
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.  dt) . . . 
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.Middle 
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40. 000 
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45.  OW 
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45.  000 

40,  000 
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.(M>1267 
.OOl4:'.3 
.001400 
.  001400 
.001407 
. O014G7 
. 001533 
.  (K>U33 
.001507 
.001400 
.  001433 
.  001300 

.ooi;;67 


^Poundt. 

I  80,560 

!  81,600 

78,800 

81. 240 

74.080 

:  77,920 

;  77,000 

81,160 

;  84.840 

,  80.160 

I  01,040 

90,480 

t*7, 360 

!  77,  120 

80.120 

80.880 

78, 320 

84.360 

86,900 

'  85.520 

82,  GOO 

85.  IGO 

73. 840 

■  75.960 
76. 240 
79.760 
83.000 
80. 720 
81,840 
r(».  760 
87.680 
87.020 
8G.  080 
77.680 

8,440 
7S,000 
77.200 
74.0(H) 
7G.000 
70.  280 
77.680 
74,800 
75.  GtiO 
70,000 
70,080 
75.920 
'  8(».280 
'  70.720 
'  75.800 
75.  2n) 
'  7S,  8(K) 
8.3,  GOO 
82. 240 
78.  KM) 
77. 440 

■  74.000 
82.  OtK)  ■ 
80.440  I 

■  82.  880 
70.200 
77. 800 
78.OS0 
83, 000 
81. 700 
81.040 
78.  320 
77,  520 

1  77,240 


PwcL 
23.07 
27.83 
2&«7 
23.33 
27.67 
21.0 
24.83 
23.07 
10lO7 
23.33 
22.07 
22.0 
22.33 
25.33 
23.67 
23.67 
17.33 
24.0 
25.67 
22.07 
21.33 
23.67 
24  0 
20.07 
23.0 
19.67 
19.0 
22.0 
22.33 
20.33 
22.33 
18:33 
19.33 
20.33 
24.67 
23.33 
2,'S.67 
25.33 
20.0 
24.33 
20.67 
26.0 
23.33 
12.0 
21.33 
20.33 
20.67 
23.33 
23.33 
23.67 
21.33 
20.67 
20.33 
23,0 
2a  33 
^67 
19.67 
25.0 
24. 07 
24.33 
26.33 
27.0 
ia67 
22. 33 
22. 67 
20.0 
2&67 
25.07 


I 


i 
1 


47.2 
52.2 
49L7 
49L7 
62.2 
80.4 
52.2 
47.2 
30.4 
30.4 
49.7 
44.0 
44.0 
47.2 
47.2 
62.2 
47.3 
44.6 
47.2 
44.0 
52.2 
47.2 
44.6 
4a7 
33.5 
36.4 
49.7 
49.7 
54.6 
49.7 
411. 7 
49.7 
47.2 
41.0 
52.2 
49.7 
57.0 
49.7 
52.2 
57.0 
54.6 
54.6 
54.6 
1R.3 
89.2 
49L7 
39.2 
44.0 
4L9 
62.2 
57.0 
49.7 
39.2 
49.7 
27.0 
64.0 
39.2 
47.2 
47.2 
57.0 
59.3 
67.0 
49.7 
49.7 
47.2 
80.2 
64.0 
M.0 


7.8571 

l^U 

7. 8588 

i. .....  -. 

12.60 

7.85tt  ^ 

iiii 

I  •  •  •  4 


7.85M 


iLtti 


7.8S38  i  ISlO 


<  ^alaWAMamw 


I 


I 


7.8Ui 


7.8511 


a» 


11.70 


I 
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liCinJfs  of  tcuHilr  tea  f  ft  of  tangential  ftpecimens  from  ends  of  tubes  for  SHnch  converted  rijles — 

Continoed. 


'a 

HreeVh 

•- 

or 

'"V 

niuzzli'. 

Si 

a 

;^. 

27 

Miizzh 

27 

«io 

27 

....do 

27 

Muz/le  . 

27 

«lo  . 

:n 

Brvoth.. 

:\\ 

...(lo    . 

:u 

..do. 

in 

AIir//.l<> 

M 

..  do  .. 

:n 

do    . 

:n 

do    . 

:;('. 

llroetli. 

'Mi 

.  do  .  . 

:\v, 

do    . 

30 

.Mn/./.l.' 

:m 

.   ,d..    .. 

■AVi 

do    . 

37 

liivecli. 

37 

do 

37 

...do 

37 

Muzzlo  . 

37 

...do  .  . 

37 

do    . 

39 

Br»'0(li. 

3«J 

..do    . 

39 

.  do    .. 

39 

Muzzlo 

39 

....do    .. 

39 

do 

41 

Hn»ic,h. 

41 

.do    .. 

41 

.     do  . 

41 

Miizzh* 

41 

do     . 

41 

.   do 

4i 

..do     . 

41 

...do 

41 

do    . 

4»] 

nirpch 

U) 

do 

41  i 

.  (!o 

40 

do 

4i] 

Mn.'/l.- 

40 

(1(.    .. 

40 

..do    .. 

4S 

BnMMl) 

4.S 

do 

4H 

..  .lo 

48 

do 

48 

Miizzh'  . 

4H 

..do 

4S 

.  do     .. 

40 

Breoi  h 

49 

.  .lo    . 

49 

..do     . 

49 

M.u/,/.lo 

49 

.do 

49 

.  d<»  .    . 

S 

c.    Position 
•  of 

*o    specinieii, 

a 

S 


Insido  . . 
Outsido. 
Inside  .. 
Outside 
Middle 
InHid<^  . 
Outsido 
Middle 
luside 
•  OntHide 
Middle 
. .  «Io    . 
Insido  . . 
Out.si<l«^. 
Middle 
Inside  . . 
Middle 

.  do  ... 
Inside  . 
Outflide 
Middle 
Inside  . . 
Outside 
Middle 
Inside  . 
Outside 
Middle 
Inside  . 
Outside 
Middle 
Inside  . 
Outside 
Middle 
Inside  . 
Outside 
Middle 
luside  . . 
Outside 
Middle  . 
Inside  .. 
Outside 
Middle 
Inside  . . 
...do.. 
Outside 
Middle  . 
Inside  . 
...do  .. 
...do  ... 
Outside 

10  i   Inside  . 

11  ,  Outside 
Middle- 
Inside  . 
Outsido 
Middle 
Inside 
Outsido 
Middle. 


7 

1  H 

1  9 

1 
«» 

3 
4 

.") 
6 

7 

1 
•> 

3 
4 
5 
6 
4 
.') 
0 
4 
') 
0 
1 

3 
4 
5 
0 
4 

0 
4 

5 
('» 
7 
8 
l> 

1 

•) 

3 
4 

I 

8 
9 
7 
8 
9 

:o 


1 

3 

4 


Pound*. 
43, 000 
43.000 
42,000 
45,000 
41.0>0 
35,  000 
85.000 

34,  000 
41,000 
41,000 
39,000 
39.  000 
38,000 

42,  000 

39.  000 

38,  000 
38.000 
40. 000 

43,  000 
47,000" 
41,000 
43.000 
43,000 
41.000 
46,  000 
41.000 

42,  000 

43.  000 
44,000 

42.  000 
39.000 

43.  000 

40.  OUO 

44.  000 
44.  000 
43,  000 

43.  000 

39,  000 

38.  000 

44.  000 

40,  000 

39.  000 
43,  000 
40,000 

35,  000 
34,000 

49.  COO 

50.  000 
49.000 
54,000 
41,000 
42,  000 
42.  000 

36,  GOO 
35,  UDO 
43, 000 
41,000 
37, 000 
40,000 


Si 

I- 


I'Mh. 

.001453 
.OOlSbO 
.001433 
.  0ai667 
.  001500 
.  001033 
.001100 
.001100 
.001367 
.  001300 
.001367 
.  001333 
.  001207 
.  001300 
.  001200 
.  001267 
.  001200 
.  001307 
.  001400 
. 001500 
.001433 
.  001307 
.  001400 
.  001207 
.  001467 
.001433 
.  001433 
.  001433 
.001400 
.0(»1433 
. 001400 
.  (01400 
.  001333 
.  001500 
. 001500 
.001367 
. 001400 
.  001267 
.  001233 
.  001433 
.  001367 
.  00130J 
.  001433 
. 001300 
. 001033 
.001133 
.001733 
.  001800 
.  001700 
.  001900 
.0012.33 
. 001433 
.001000 
.  001167 
. 001133 
.  001400 
.  001433 
.001267 
.  001267 


i 

a  o 

«  a 

a  353 
e  do 


Pounds. 
78,400 
82, 440 
82.880 
82.720 
80.200 
72,240 
74,080 
71,840 
76,  720 
77,400 

76,  000 
75. 680 
72, 200 
78,280 
75,440 
79,360 
77, 000 
76,000 
72, 240 
78, 000 

73,  960 
72, 120 

74,  800 
73,560 
75, 480 
73.400 
74,720 
76, 000 
77, 400 
75, 700 
74,600 
78.240 
75, 400 
77, 120 
76, 240 

77,  240 
70.000 

75,  610 
76,600 
75.680 
74,760 
73.  040 
75.  240 
76,800 
73, 240 
73, 120 
81,900 
84,950 
82,  500 
85.500 
80,200 
78, 720 
82.160 
71,200 
71.600 
78, 320 
78,640 
73,920 
78,880 


r 

dg 

o 
a 

d 

o 


Per  et. 
20.33 
19  33 
22.67 
23.67 
16.0 
26.0 
26.67 
24.67 
24.0 
23.0 
22.0 
21.33 
27.0 
27.0 
24.67 
23.0 
22.33 
22.33 
24.33 
23.33 
21.33 
27.67 
28.33 
27.33 
27.0 
26.0 
24.67 
24.3^ 
20.0 
22.  33 
27.0 
24.33 
26.0 
16.67 
24.33 
23.33 
20.0 
27.33 
17.67 
24.67 
25.67 
27.0 
28.67 
23.0 
21.67 
23.33 
21.67 
25.0 
23.50 
25.0 
20.0 
25.  67 
22.67 
20.67 
26.67 
25.0 
22.33 
21.67 
20.67 


9 
2 
2 
5 


Percent 
40.7 
39.2 
47.2 
40.7 
18.3 
41.9 
44.6 
41. 
47. 
47. 
33. 
47.2 
54.6 
44.6 
44.6 
30.2 
44.6 
31.9 
44.6 
30.2 
83.5 
47.2 
54.6 
44.6 
57.0 
30.2 
47.2 
54.6 
41.0 
30.6 
57.0 
54.6 
57.0 
21.4 
47.2 
49.7 
41.0 
52.2 
24.6 
57.0 
52.2 
57.0 
50.3 
62.2 
36.4 
30.6 
47.2 
51.0 
43.3 
49. 
52. 
40. 
36. 
40. 
49. 
49.7 
41.9 
27.6 
30.6 


1 
2 
7 
4 

7 
7 


■*» 


7.8618 


11.33 


7.8677 


11.02 


i£ 


*  Two-inoh  speoimens. 
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While  tubes  finally  rejected  gave  the  followin|j^  results: 

BmmUb  of  tennle  tesU  of  tangential  spoeimeuafrom  end**  of  tube«for  H-iHch  coHerrtrU  njU*. 
[Length  of  specimen,  3  inohoH ;  sectional  aree,  0.25  of  a  square  inch.] 


d 


I 

a 


I 


Breech 

or 
mazKle. 


New 
New 
New 
New 
New 
New 
New 
New 
Now 
New 
New 
New 
'  New 
New 
Now 


7 
7 
7 

7 
7 
7 
7 

I 

7 
7 
7 
7 
7 
7 
7 
7 

4 

7 

mm 

4 

fm 

4 
t 

I 

7 

7 

8 

8 

8 

8 

8 

8 

8 

8 

8 

l-» 

12 

12 

12 

12 

12 

12 

12 

12 

12 

i:i 

13 
13 
13 
13 
]:t 
13 
13 
13 
13 
15 
15 
15 
1.^ 
15 
15 
15 
15 
15 
15 
15 
15 


Breech. 

do  . . 

....do 
Maz/lo 
...  do  . . 

do    . 

Broeoh. 

do  . . 

do  . . 
Mazzle 
. .  do  . . 
.  ...do  .. 
Iln»ech . 
. .  d«i  . . 
do    . 
Muzzle 
. .  th.  . . 
do    . 
Bn'«'«-li 
.  do    . 
do 
Mtizzlo. 
<lo 
do 
Bi-eech . 
...do  .. 

do 
Mazzlc 
.  do  . . 
-  do    . 
Bn-tH'h 
—  do  . . 
.  do 

di»  .. 

.  ..do 

do  . 

Miiz/li' 

. .  dt»  . . 

.do    . 

. .  .  do  . . 

do  . . 

di»  .  . 

. .  .do  .  . 
Bn-wli . 

do  . . 

.  do  . . 

Muzzle 

...  do  . . 
. ...  do  . . 

llretM'h. 

. .  .do  . . 

. .  .do  . . 

...do 
do  . 

. .  do  . . 

...do    . 

Miizzio 

. di» 

.  do    . 

Hrttvli . 
. . .  .do  . . 

. .  .do  . . 

...do 

Muz/.h> 
.  do  . 


a 
B 

•mm 

I  I  Position  ! 
V.   !        of 


3  '^ 

c  eo 

u  a 


6fi 

®  Ispeciineu..  .5 

I 


S 

p 

}Z3 


c 


K 


I 


1  ■ 

2  ' 

ii  i 

3 
4 

.'»  . 
6 

4 
"> 

7 

H 

I) 

7 

8 

9 

10 

11 

12 

10 

II 

12 

1 
•I 

3 

1 
•» 

3 
4 

.*» 

tf 
1 

^ 

•» 

:i 
4 
Ti 
t; 
I 
I 

3 

1 
•> 

3 
4 
•*> 
ti 
I 
1 

3 

1 

•) 

3 
4 
5 
G 
I 
4 


Inxidi'  . 
Out  Aide 
Middle 
Ini«ide  . 
(Mitsidi' 
Mi«l(i]e 
Inside  . 

do  . . 

...do  .. 

do  . . 

<)ut.«»ido 
Middle 
In^«idc  . 
Outside 
Middle 
luRido  . 
OiitNide 
Middle 
Insidt^ 
Oittsiiie 
Middle 
InsMe  . . 
Out><idM 
Middle 
In-ide    . 
Out-ide 
Middle  . 
lusido 
Out:*ide 
Middle  . 
Inside  . 
do    . 
Ont>ide 
Inside 
OiitMile 
Middle 
Inside  . . 
Oiits«iile 
Middle 
Inside. 
i.Mitsule 
^[iddle 

..do.. 
In.Nide  . . 
Onts:<le 
Midille 
luijide 
Outside 
MidcHe  . 
in^iide  . . 
Outside 
Middl-  . 

.  d(i 
Inside  . . 
Out:«ide. 
Middle 
Inside  . . 
Outs  lie 
Mulille 
Inside 
Outside 
Middle 

.  do  . 
Inside  . . 
Outside 


PautiiJU. 
44.000 

41.  000 
43. 000 
4,'.  000 
4.">.  00l> 
47.000 
37,000 

34,  (100  I 
37.  000  ! 
41.0U0  I 

I  89,0lH)  , 
37,000  ' 
33.  000 
33.  000 
32.000  ' 
30,000  ; 

37.  tK»0 
3S,000 
40.  0(10 
4:{.  OiH) 

35.  000 
40,  00  I 
41,0(H> 

38,  (MX) 
■JO.  WO 

43,  WM 
40.  OlH) 
47. 0(K» 
42.000  ■ 
4.").  Oi'O 
40, 000 
41.0<J0 
3U.000 

44,  (HX) 
41,<K>0 
30.000 
4l.0tKJ 

4l,«;oo 

33.  000 
37,  C^HJ 
35.  W)0 
32.  000 
30.00t)  I 
37.  nOO  ' 
40.  (HK)  I 
37,  (K)0 
44,000  ■ 
0.  OtH)  , 
43.<-0i)  ' 
39.00.)  ■ 
35.  000  i 
3"».0U0 
35.  <i00 
40. 000 
42, 000 
37.  tKW 
40.  )H)0 
4l.iK)0 
40.  OiH) 

42.  000 
:r.  OOO 
37. 0<K) 
39, 000 

45,  (KM) 
43.000 


JJ     ^im      Km 


Inch. 
. 001400 
. 002100 

.ooi:m 
.00113:{ 
.  001367 
.  0014C7 
.001167 
.001167 
.001167 
.  0()12(i7 
.IK)  1.300 
.001167 
.001  ICO 
.00 11 .13 
.001167 
.0(H333 
. O01267 

.  ooi3:i:{ 

.  001433 
.0015(10 
.00  loo 
o015:;:{ 
. 00^467 
.  ('01207 
.  (»013.T{ 
. 001400 
.(012U 

.  ooir>3:{ 

.  Oi>140ll 
.001400 

001267 
.001307 
. 001233 
.  0t)1500 
.  001200 
.  001200 
. 001 300 
.001167 
.OOlKCi 
.001167 
. 001133 
.UnllOO 
. 001267 
.0012:J3 
.  0014  ;3 
.O.'IJOO 
. 00140O 
. 001367 
.  0'H:i07 
.  001233 
.  001133 
.OOllOt) 
.0(n(KJ7 
.001367 
.  iHll.-OO 
.  o;a3(»0 
. 001467 
. 001400 
.tH)i:i33 
. 001367 
.  i):>1300 

001207 

.  m>rj07 

.  001267 
.  001300 


9  a£ 

♦*  o 
u 

*  t,  ^ 
£  =  o 
a-*  — 


*»  t»  c 

►•  —  <^    I 


s  t 


a 


~2 
X  a 


Foufidt. 
83.800  I 
82.  (too  i 
84. 320  I 
88.240  I 
88,  (KM)  ' 
87.200  I 
70.720  I 
69,020  I 
68.000  ! 
78,880  ! 
76, 440 

79.  160 
70. 280 
73.960 
71,520  * 
77.680 
78,200 

77,  520 

80.  H(K) 
84.  840 
76.  560 
82.  8(K) 
78.360 
80.  240 
7.\  6..0 
82,080  . 
82. 000 
86.000 
81.040  , 
82. 120  ' 
80.  1(jO  ! 

80.  080  . 
77,920 

82.  (»00 
80.600 
79, 280 
80, 160 
78.880 
59.680 
67. 200 
67,  000 
58,  5G0 
8«».  200 
75.  280 

78.  840 
7.">.  720 
S3. 320 
79. 640 

83.  600 
78.0(tO 
7\480 
74.  720 
74.400 
72.000 
80.400 
73. 6lK) 

81.  320 
81.210 
78.160 
78.000 

7.  720 
6S,800 
76. 7-20 
78,480 
80.  240 


P. 

C 

u 
« 


& 


J        I      Sg 


a 

3 


,2        I 
I    H         I 


PercL 
KlOO 
11.67 
23.33 
2:).  67 
24.0 
21.67 

lao 

13.33 
10.67 
26.0 
27.0 
23.67 
26.  07 
20.0 
26. « 
22. 67 
20. 67 
20.0 
18.0 
18.67 
•2(».  33 
20.  33 
19.07 
19.0 
11.33 
24.0 
20.67 
25. :« 
22.33 
22.33 
17.0 
17.0 
23.67 
21.0 
22. 33 
22.67 
18.00 
22.67 
4.67 
5. 33 
7.0 
6.0 
22  67 
22. 33 
14.67 
19.67 
26  67 
25.0 
20.67 
21.67 
23.  33 
16.67 
26. 67 
10.0 
25,33 
11.67 
19.0 
2«)  33 
23. 33 

22. 67 
6.:» 

lao 

21.0 
24.33 


I 


I 


Percent. 
l&S 
15.0 
41.0 
44.6 
40.7 
47.2 
21.4 
18.3 
15.0 
44.6 
49.7 
44.6 
49.7 
3(».0 
36.4 
44.6 
44  6 
41.0 
30.2 
44.6 
44.0 
49.7 
44.6 
52. 2 
21.4 
49.7 
27.6 
41.0 
40.7 
52.2 
30.2 
44.6 
62.2 
47.2 
54.6 
40.7 
41.0 
52.2 
11.8 
11.8 
11.8 
11.8 
47.2 
41.9 
21.4 
33.5 
4ft  7 
47.2 
47.2 
48.9 
41.5 
30.6 
47.2 
30.6 
49.7 
24.6 
49.7 
52. 2 


• 

1 

I 

1 

7.8528 

18.65 
1 

7.8542 

14.06  1 

1 

:::::::  ::::::i 

i  --.  1 

1 

1 

'  I 

I 


7.8007 


7.8506 


1L18  ' 


14.40 


■I 


7.8553  '12.84 


7.8352 


12.48 


7.8584 


11.48 


7.'8M0'  is' SO* 


■     '*•*•«•■ 


7.8581  !12.30 
7.'8562*  ii'si' 


54.  U 
49.7 
47.2 
11.8 
44.0 

54.6 
44.^ 

1 
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BwuUs  of  tensile  testa  of  tangential  apeoimensfrom  enda  of  tubes,  ^o. — Continaed. 


d 

<<^ 

o 

b 

a 
d 


15 

15 

16 

16 

16 

16 

16 

16 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

New  18 

Now  18 

New  18 

New  18 

New  18 

New  18 

Now  18 

New  18 

New  18 

Nevfc  18 

New  18 

New  18 

New  18 

New  18 

New  18 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

26 

26 

36 

26 

26 

26 

26 

?6 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

44 


Breech 

or 
mazzle. 


a 

9 

a 
1 

o. 

90 

o 

u 

s 

s 

?2i 


Position 

of 

npecimen. 


Mazzle  . 

6 

...do. 

7  ' 

Breech . . 

I 

...do  .  .. 

...do  . .. 

3 

Muzzle  . 

1 

...  do  ... 

2 

...do  . .. 

3  1 

Breech . . 

1 

...do    .. 

2 

...do  ... 

3 

Muzzle 

1    ; 

...do  . .. 

o  1 

...do    .. 

3 

Breech . . 

4 

...do    .. 

5 

...do    .. 

6 

..  do  . 

7 

...do  . . . 

8 

...do    .. 

9 

Breech . . 

7 

. .  do  ... 

8 

.    .do  ... 

9 

Muzzle  . 

4 

...  do  ... 

5 

. .  .do  ... 

6 

Breeoh . . 

10 

...do 

11 

...do  .   . 

12 

Muzzle  . 

7 

...do  ... 

8 

...  do  ... 

9 

...do  ... 

10 

. .  do  . . 

11 

...do    . . 

12 

Broticli . . 

1 

...do    .. 

2 

do    .. 

3  1 

Muzzle 

1 

...do  .. 

2 

do  .. 

3 : 

Breech. . 

4 

...do    . 

5 

...do  . . 

6 

Mnzzh>  . 

4 

.do  .. 

f) 

Bret'ch  . 

1 

..  do    .. 

2 

do    . 

3 

Muzzle  . 

1 

. .  .d(»  .. . 

2 

do  . . 

3 

Breech . . 

4 

Muzzle  . 

4 

Breech . . 

1 

..  do  . 

2 

do  ... 

3 

Muzzle 

1 

...do  .. 

2 

do    . . 

3 

Breech. . 

4 

...do    .. 

5 

do  ... 

6 

Muzzle 

4 

.  ..do    .. 

5 

..  do  ... 

6 

. .  do    . 

i 

..  do  .  . . 

8  • 

...do  .   . 

9 

Breech . . 

' 

Middle  . 
..do  . . . 
Inside  . . 
Outside. 
Middle 
Inside  .. 
Outside. 
Middle  . 
Inside  .. 
Outside 
Middle. 
Inside  .. 
Outside 
Middle 
iDSide  .. 
Outside 
Middle.. 
Inside  . 
Outside 
Middle 
Inside  . 
Outside 
Middle. 
Inside  .. 
Outside 
Middle. 
Inside  .. 
Outside 
Middle. 
Inside  . 
Outside 
MidTdle. 
Inside  . 
Outside 
Middle. 
Inside  . 
Outside 
Middle. 
Inside  . 
Outside 
Middle. 
Inside  . 
Outside 
Middle. 
Inside  . 
Outside 
Inside  . 
Outside 
Middle. 
Inside  . 
Out.'^ide 
Middle 
Outside 
luHide  . 
Inside  . 
Outside 
Middle. 
Inside  . 
Outside 
Middle. 
Inside  . 
Outside 
Middle 
Inside  . 
Outside 
Middle 
Inside  . . 
Outside 
Middle 
Inside  . 


5 'J 

.    00 

Si 

b  a 

1  = 

—  o 


toviuts. 
4U,  OUU 

43.  000 
41,000 

44,  000 

42,  000 

48.  000 

43,  000 

49,  000 

41.  UOO 
44.000 
41,000 
51.000 
51.000 
48.  000 
31.000 
37,000 
34,000 
31,000 
35.  000 
32,000 
38,000 
37,000 
40,000 
38.000 
41.000 
30,000 
41.000 
44.000 

42,  000 
44,000 
41,000 
39.000 
43,000 
44,000 
40.000 
36.000 
39.000 
35,000 
41,000 
45.000 
43.000 
35,000 
30.000 
35.000 
44,000 
45,000 
40.000 
41,000 
40,000 
44.000 
40,000 
41.000 
40.000 
45. 000 
41,  lK>0 
41,000 
42,000 
42,000 
43,000 
47,000 
38.000 
37.000 
38.000 
47,000 
45,000 
42.000 
34,000 
38.000 
35,000 
40.000 


§» 

K 

n 

p  t  3 

o  — •  *^ 


Inch. 
.  001333 
.  001367 
.  001400 
.001467 
.001533 
.001333 
.001433 
.  001233 
.001267 
.001400 
.001367 
.001700 
.001867 
.001533 
.000800 
. 001267 
.001000 
.OOiOOO 
.001167 
.001100 
.001167 
.  001200 
. •01367 
.001233 
. 001367 
.001133 
. 001367 
.001500 
.  001367 
.001500 
. 001400 
.001333 
.001600 
.001600 
.001400 
.001200 
.  001333 
.001133 
.001433 
.  001300 
.001400 
.001033 
.001267 
.001133 
.  001533 
.001567 
.001233 
.001267 
.001100 
.  001533 
. 001300 
.  001267 
.001233 
.001400 
.  001333 
.  001267 
.001433 
.001433 
.001300 
.001533 
. 001100 
.  001167 
.00L300 
.001533 
.001533 
.001400 
.001167 
.001167 
.001167 
.001367 


b  • 

o 

c  -^ 

*  .•* 

r5  *  * 

—  o«« 

z,  aa  a 


I 


I'nundn. 
77.600 
ft>,  360 
78, 400 
83,  800 
8li,000 
87,880 
81.900 
76.  560 
82, 800 
85,120 
81.640 
89,280 
92,200 
89,  520 
71,680 
74,480 
71.92U 
70,  840 
73.040 
70.800 
72.560 
73,  120 
75, 000 
73,840 
76,  360 
72.600 
76.440 
82. 8t0 
78.800 
80,800 
82,800 
76.000 
81,020 
82,240 
77,840 
74,480 
78,280 
70.400 
84.880 
86,760 
83,160 
74,640 
78,800 
76,480 
80,080 
80.840 
75,200 
77.920 
78,200 
81.880 
83,760 
83,000 
77,000 
84,760 
78,000 
80,800 
81,040 
80.840 
80,720 
86,000 
75,960 
75,800 
76.720 
81,160 
82.080 
80.760 
72.640 
75.840 
73.520 
75,400 


b 

i. 
«2 

'S 

es 
ec 

a 

o 


Per  et 
19.0 
21.33 
20. 33 
21.33 
13.67 
18.0 
24.0 
15.67 
19.0 
20.33 
25.33 
22.33 
21.33 
22.67 
28.0 
25.67 
14.67 
27. 67 
31.0 
14.33 
25.67 
24  33 
24.0 
16.0 
17.67 
19.67 
20.83 
20.67 
20.33 
13.67 
17.0 
19.33 
14.0 
20.67 
1&67 
15.83 
23.G 
0.83 
20.67 
l&O 
21.33 
20.67 
22.67 
21.83 
22.33 
23.0 
20.33 
23.0 
27.0 

lao 

24.33- 
25.67 
10.67 
22.33 
•27.0 
23.67 
21. 33 
17-33 
21.0 
19.33 
26.0 
23.33 
26.0 
14.33 
21.33 
16.67 
18.33 
1&33 
22.67 
17.67 


Percent 
52.2 
47.2 
52.2 
36.4 
21.4 
33.5 
54.6 
52.2 
33.5 
41.9 
44.6 
41.9 
47.2 
47.2 
44.6 
33.5 
21.4 
41.9 
49.7 
21.4 
44.6 
49.7 
41.9 
21.4 
21.4 
27.6 
36.4 
44.6 
41.9 
30.6 
30.6 
44  6 
24.6 
44  6 
49.7 
30.6 
47.2 
21. 4 
33.5 
30.6 
41.9 
89.2 
47.2 
36.4 
44.6 
41.9 
27.6 
36.4 
52.2 
21.4 
49.7 
49.7 
15.0 
40.7 
52.2 
44.6 
36.4 
24.6 
44  6 
41.0 
41.0 
30.2 
47.2 
21.4 
4Le 
27.6 
27.6 
33.6 
21.4 
47.2 


I 

o 

a 
I 

OQ 


7.8586 


7.8800 


7.8560 
7.'8548 


11.69 


12.80 


12.48 
1406* 


7.8622 


7.8600 


il; 


1406 


7.8571  112.00 


7.8561  16.15 


7.8540   14  47 


7.8502   16.18 
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Bmults  of  tensile  testa  of  tamjentia!  apfcimttiti  from  thdtt  of  tuheSt  tfc. — Continiiad. 
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44 
44 
44 

44 
44 

New  44 

New  44 

New  44 

New  44 

New  44 

New  44 

New  44 

New  44 

New  44 

Now  44 

Now  44 

New  44 

New  44 

New  44 

New  44 

50 

50 

50 

50 

I  50 

I  50 

'  50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 


Brei«ch.. 

...do    . 

Muzzle  . 
— ilo 
. .  <lo  . . . 

IJretH.'h . . 
— do  ... 

. .  .«lo  . . . 

Muzzlt' 

... do  . . 

. .  .do  . . . 

do  . .. 

—  do  . . 
.  .do  . . 
..do 

...do    . 

...  do  . . . 
.  do  . . . 

...do    .. 
..do  - .. 

Ureeeli  . 

do 

do  . . 

Muzzle 
do  . .. 

...do 

BrtH'ch.. 

do  . . 

. .  d(»  . . 

Muzzle 
d«  . . 

...do  . . 

Bn-e^-h . 

...do  .. 
do  . 

Muzzlo 

do  . . 

do  . . 


B 

a 
?5 


:t 

1 

•I 

ii  ' 

•1 

5 

(i 

4 

.'» 

(i 

7 

K 

U 
ID 
11 
IJ 

i:i 

It 

i:i 

1 
•» 

I 
•> 

ji 

;>  . 
(t 

4 

.'> 
6 

I 

I 

s 

!) 
I 
ft 

9  I 


Mi'Mle 
In.-id*'  .. 
Ouiii.ile 
Middle 

Outsidi'. 

Middle 

Iiisidf  .. 

("):itsid«- 

Middle 

liisi«l«'  .. 

Outside 

Middle 

Insiil*'  .. 

(>»t!»ide 

Middle  . 

Iii>i(lc  .. 

Ourxidi- 

Midiile 

Inside  .. 

l)ut««ide 

Middle 

Insidt'  . 

Outside 

Middle 

Inside  . 

Out:*ide 

Middle 

In.-iide  . 

(iulsi<!«- 

MiHille 

InHJde  . 

Outsi.li 

Middle 

Inside  . 

Outsili' 

Miridle 


Poundg 

4J.O  •') 
41.0(H) 

4:i.  0(  0 

40.  O<)0 
41.n')'» 

■  4;.i>)"I 
41.i=»H» 
4LV  O.'O 
4'.  0  10 
41,0iKI 
42,  (Hk) 
44.  MO 
42.  000 
4:J.  (w.Hi 

41.  (mH) 

42.  (HH) 
4.'>,  I'lJi) 
4:{.  iM)0 
42.  Ui'U 
.T.).  IMH> 
:iO.  D'.Ki 
:: ..  OHO 

:tii.  ooo 
:is,  (KK) 
4:<.  (H)i) 

3."».  OOi) 

:;}».  iMK) 
:v.  oim 
:js.  ow 
:;s.  000 
:\7,  (Mio 
40.  (»m) 
.t;{.  uiM) 

10, 0'H^ 
50.  OOi) 
4fi,  (XX^ 
49.000 


a 


Inch. 

.  oouww 

.OOlUU) 
.OOl.'UiT 
.  i>(»l  \X\ 
.OOlltOO 

.  ooi4m» 
.(km:]07 

.  00l40t» 

.lM>i400 
.001467 
.  0Oir)<H) 
.  0O1.V57 
.(H)l.'i33 
.  noi.V)i» 
.«h»i:v3:J 
.0Ml4«)<) 

.  (Miir>07 

.001407 
.•MU407 
.00I23.i 
.0»>12»57 

.IM»ll«57 

.OOlliCf 
.  ••012X1 
.  OUl  HHi 
. 0  1267 
.(N)i:{oO 
.i'oi2:u 

.  tKH267 
.Ot»ll07 

.ooii:« 
.ooinoo 

.O0lt!67 

.(K>i7rM» 

.  IH)1667 
.  0O15(K) 
.  001 7J3 


Pound* 
77.  GOU 
7S.  000 
HI.  040 
7S.  OhO 
70.  400 
SI.  Ot!0 
bUOOO 
78,u00 
SO.lHH) 

81.  rO(» 
81.200 
80. 080 

82.  l>00 
80.040 
82.  000 
81.  (WO 
80.  OOO 
82. o40 
8I..V20 

79.  OtiO 
74.  20(» 
70. 2<H) 
71.480 
70. 04(» 
77.  two 
8.1.210 

72.  040 
7.i.  500 
74.880 
76. 400 
70.600 

73.  440 
80.000 
87. 200 
K-i.  .-»00 

80,  (N)0 
84.000 

.  82.400 


Per  cL 
26.0 
26. 33 
ItT.  67 
24.  :13 
17.67 
22. 67 
22.  3:t 
25.67 
21.0 
14.33 
23.33 
15.67 
20.33 
21.67 
16.67 
23. 0 
24. 0 
2<).  07 
23. :« 
18.33 
23.67 
22  07 
26.67 
19.  33 
2:1.33 
I'j.  07 
22.  33 
29.0 
23. 3:1 
20.33 
2.\  67 
23.67 
13.0 
19.67 
22.50 
14.67 
18.0 
7.0 


e  z 

I 
X 


Per  cent 
52.2 
52.2 
21.4 
49.7 
24.6 
62.2  i 
49.7 

52.2  , 
33.5  ■ 

18.3  I 
47.2 
21.4 
30.6 
49.7 
21.4 
44.6 
47. 2 
41.9 
30.6 
27.6 
40.7 
:(0.4 
3a4 
24  6 
36.4 

las 

21.4 

57.0 

I        33.5 

I        33.5 

47.2 

33.5 

21.4 

1        41.9 

I        43.3 

1&3 

24. « 

11.8 


I 


« 


•  till 

; 

• 

i.aii'  ii'io' 

r*'*"" 

I 


The  present  coDdition  of  uianufacture  of  the  three  tubes  still  to  be  de- 
livered is  as  follows,  viz,  one  is  to  be  retreated,  one  has  been  for^^ 
and  is  now  being  rongh  turned  and  bored,  and  one  is  to  be  forged. 

Forgings  for  the  parU  of  twenty-five  3.2-inoA  steel  breech-loading  field  fun». 


The  rough-finished  dimensions  of  tliese  forgings,  with  the 
))hysical  qualities  of  the  metal,  and  summaries  of  the  results  of  the  test 
of  specimens  from  the  few  forgings  which  had  at  that  time  been  com- 
pleted, were  given  in  the  report  for  the  fiscal  year  ending  June  30, 1885. 

The  work  on  tliese  forgings  progressed  quite  satisfactorily,  the  prin- 
cipal delay  being  that  arising  from  an  attempt  of  the  company  to  utilise 
for  some  of  these  small  forgings  parts  of  forgings  of  larger  size  which 
had  been  rejected  on  account  of  the  poor  results  shown  in  the  test  of 
one  or  more  of  the  specimens  cut  from  one  of  the  ends.  The  poor  qiial- 
ities  seemed,  however,  in  nearly  every  ca«e  to  obtain  throaghoat  the 
whole  of  the  larger  forging,  necessitating  the  replacement  of  quite  a 
numl)er  of  these  smaller  forgings.  S<»ine  time  was  also  lost  iu  experi- 
menting in  the  manufacture  of  trunnion  hoops.    Fifteen  jackets 


REPOET  OP  THE  CHIEP  OP  ORDNANCE.        336 

cltliLi'  coiiileunieil  by  t.ho  company  without  iue»eiit;ition  to  the  Depart- 
ment, for  test  or  were  rejected  by  the  DepartmeDt  after  teat. 

Soui«  trouble  was  caused  by  warping  of  tubes,  and  in  several  cases 
the  forgings  were  scant  of  the  rough-finished  dimensions  ivqiiiiPii.  In 
all  sueb  cases  the  forging  was  accepted  with  the  proviso  that  the  Mid- 
vale  Steel  Company  would  as.sume  all  risk  of  failure  to  tiuisb  to  the  re- 
quired dimeusioiiB,  if  such  failure  was  due  to  the  scant  roD^-fiuished 
dimenaious. 

The  physical  qualities  obtained  in  these  forgiugs  are  summarized  id 
the  following  tables: 

ResnlU  of  tentih  le 


loading  JieM  g. 
ILcDKthoriipMlmen.  ainobM    iMUanal  srW,  0, 

m 


I? 


Mui»l.>  . 
...do     -. 


S«,8W 


.  wics'i  I  gi,  WM 

00     BaTOO 

«o    m,45a 
ou  I  »xiW 

M     Bfl,  100  I 

.  MiaM  I  Be,  :iiiD  I 


336 


REPORT   OF   THE   CHIEF   OF   ORDNANCE. 


BmmUi  of  tenHle  teeU  of  iangemtial  9pecimeH8/rom  ends  of  fnfref,  t^*c. — Coutinued. 


10 

u 
11 
11 
11 

12 

12 

12 

12 

IS 

•18 

•IS 

•18 

18 

18 

18 

13 

•14 

■14 

•14 

•14 

14 

14 

14 

14 

16 

15 

15 

15 

tl6 

tl6 

tie 

tl6 

tie 
tie 
le 
le 
le 
le 

17 
17 
17 
17 
18 
18 
18 
18 
10 
19 
10 
19 
20 
20 
20 
20 
21 
21 
21 
21 

♦0«f 


Muzzle 
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5<I.IH)0  ! 
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54,000 
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49,000 
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Tm.  000 
54.000 
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48.000 
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49,  iKtO 
5;<.  IKK) 
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Results  of  tenttilv  te^iis  oj  iuiiffcniial  speciiuen**  from  fniniiion  hoopn  for 'A,'2'iHch.  steel  hrtck- 
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The  rough  finished  dimensioDS  of  these  forgiogs,  and  the  required 
pbysiciil  qnalities  of  the  metal,  were  giveu  in  report  for  the  fiscal  year 
cDdiDg  June  30,  1885,  and  at  that  date  the  tube  and  jacket  had  been 
forged. 

No  work  had  been  doue  ou  the  truuuioiihoop,  the  iutention  being  lo 
postpoire  the  manufacture  of  thitt  piece  until  the  Siuch  experimental 
ti'uniiion-hoop  hiul  heeu  thoroughly  tested,  no  that  if  wi^akness  in  any 
part  of  the  experimental  truuiiion-hoop  was  shown,  an  attempt  might 
be  miide  by  proper  changes  in  manufitcture  or  treatuicnt  to  make  the 
trunnion -hoop  lor  the  gun  of  uniform  Hti^ngtli. 

Work  on  the  tube  progressed  very  satisfactorily  for  the  first  venture 
in  the  manufacture  of  so  largo  a  piece.  The  i-esulls  of  test  of  the  first 
sets  of  !si>ecinieus  taken  from  the  ends  of  the  forging,  which  were  as 
follows : 

L'taalis  of  imsilr  Uiii  •if'iietiMtne  from  foil-  of  lahcfor  6  incft  jHnef  bretek-looding  riJU. 
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Showed  till-.  bri>ecb  to  be  softer  and  tbe  muzzle  end  ^mewbat  harder 
than  was  required,  but  iiffer  retroatmeiit  additional  specimens  cut  from 
the  end»  of  the  forgiiijt  Hhowed  the  followiug  very  satiefuctory  resalts, 
whicli  are  believed  to  be  as  uniform  and  of  as  high  a  eharaeter  as  can 
be^spected,  ami  are  certainly  not  eseelled  by  any  results  of  test  of  nml- 
lar  forgiugs  which  Iiave  come  to  the  knowledge  of  this  office : 
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Duriug  treatment  tbe  tube  way  Homewhat  warped,  but  not  sufficiently 
to  prevent  its  being  Guished  to  tbe  dimeuiiions  required. 

It  was  noted  in  report  for  the  fiscal  year  ending  June  30, 18S6,  that 
the  jtrelimiuary  tests  from  tbe  Jacket  had  not  sliowu  very  satisfactory 
results,  but  uotwitb&tauding  this  fact  tbe  company  bad  this  forging 
rough  turned  and  bored,  and  during  the  month  of  December  last  treated 
it.  Being  unsible  to  obtain  any  satisfactory  test  of  the  metal  after  treat- 
ment, they  did  not  submit  tbe  piece  for  test  by  the  Department,  and 
proceeded  to  forge  anotlier  jacket.  Pi'eliminary  specimens  cut  from  this 
forging  showed  defects  in  the  metal  which  necessitated  its  condemna- 
tion. 

At  a  later  date  partial  forging  of  another  ingot  showed  it  to  be  unfit 
to  have  the  forging  work  continued.  AH  tbe  large  ingots,  considered 
at  that  time  suitable  for  this  piece,  having  then  been  nsed,  other  ingots 
were  ca»t,  ami  in  March  last  the  forging  of  another  ingot  was  satisfac- 
torily completed.  Very  Exhaustive  teat  of  this  forging,  and  of  treated 
pieces  cut  from  it,  extending  over  about  three  mouths,  seeme<l  to  show 
that  the  steel  watt  harder  than  wag  desirable.  No  perfectly  satisfactory 
results  of  test  or  result  Ulliug  the  contract  requirements  could  be  ob- 
tained, and  this  forging  was  condemned  by  the  company. 

With  the  experience  aud  knowledge  that  has  been  gained  by  these 
several  failures  the  company  are  preparing  to  make  another  forging 
within  a  week  or  two,  and  hope  to  be  successful.  Without  expreasiog 
too  coohdently  the  opinion  that  tlicy  will  be  so,  it  is  believed  at  this 
office  that  everything  points  toward  success.' 

Thesi>  repeated  failures  to  obtain  satisfactory  results  in  an  S-inch 
jacket- Ibrging  are  unfortunate,  but  esplaioable  by  the  fact  that  this 
new  and  heavy  work  presents  difficulties  to  the  manufacturer  not  pre- 
viously met,  and  with  this  company  reqnires  the  very  fullest  applica- 
tion of  the  existing  plant,  even  though  tbe  plant  has  been  added  to 
within  tbe  past  rwo  years.  Nowhere  else  in  this  country  could  this 
work  be  done  at  all. 

*  Since  nriting  thu  above  tbia  Jacket-forging  baa  been  mode,  the  preliminary  teata 
and  tbe  teals  of  treated  pieces  are  very  go«d,  or  certainly  for  better  than  anything 
previonsly  obtained,  and  the  work  of  rough-buring  and  tnmiiig  the  forging  will  b« 
proceeded  with  at  once,  • 
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The  speoiflcatiousof  theDepartineiit'ttcoutractsfortbese  Ibrgiiigs,  as 
iu  all  coutracts  for  gun  material,  ai*e  snch,  that  practically  perfect  metal, 
work,  anil  treatment  are  required  to  enable  the  manufacturer  to  suc- 
cessfully till  them.  They  are  not,  however,  it  is  believed,  iu  any  case 
more  severe  than  the  importance  of  the  work  demands,  uor  so  severe 
but  that,  with  the  great  cajv  whicli  should  be  used  in  manufacture,  the^" 
can  be  fairly  if  not  fully  met.  5So  far  as  these  8-inch  forging  are  ecu- 
cerned,  it  will  be  noted  from  the  summaries  of  test  that  the  coutniet 
specifications  have  been  very  satisfactorily  met  as  to  the  tube  and  trun- 
nion-hoop, and  it  is  believed  that  as  to  the  jacket  they  can  also  l)emet. 

The  experimental  Sinch  trunnion  hoop  having;  shown  satisfactory  re- 
sults of  test,  the  trunnion-hoop  for  8-inch  rifle  required  under  this  con- 
tract was  made  and  treated  in  a  similar  manner. 

Tests  of  specimens  cut  from  the  ends  of  the  hoop  showed  the  follow- 
ing very  satisfactory  results: 

lU'ults  of  tcHiiilf  Imts  of  tuityeiitittl  uperhmii-^  jrom  viuh  of  trniiHiou-hoop  for  cf-indi  ttrtl 

brvech'load'nuj  rifit. 

II«eugtli  ot'  t«p4H>iuj«D.  G  incht'8  :  mrctiuual  aiu.i,  U.  2o  oCu  M|uare  iucb.] 
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EXPERIMENTAL    TEUNMON-HOOP     FOR    AN 

LOADING   RIFLE. 


8-INCH    STEEL    BBEEGH- 


The  manufacture  of  a  forged  8-inch  trunnion-hoop  in  this  conutrj  was, 
at  the  time  the  Midvale  Steel  Company  contracted  for  the  nianufaetare 
of  the  tube,  Jacket,  and  trunnion-hoop  forgings  requirecl  for  an  8-iiich 
steel  breech-loading  rifle,  more  a  matter  of  experiment  than  the  mann- 
facturo  of  the  tul>e  and  jacket.  Xo  forged  trunnion-hoops  had  been, 
made. 

Tube  and  jacket  forgings  of  smaller  size  had  Iwen  successfully  pro- 
duced. The  trunnion-hoops  manufactui-ed  had  been  cast-steel  castiugH, 
the  physical  qualities  of  which  were  not  so  good  as  desired  by  the  De- 
partment, and  the  manufacturers  would  not  undertake  to  furnish  a  cast- 
ing of  the  qualities  required.  It  is  true  an  attempt  was  made  by  the 
^lidvale  Steel  Company  some  time  before  to  forge  trunnion-hoo|>«,  bnt 
as  the  requirement  that  the  hoops  should  be  forged  was  not  insisted  on, 
high  physical  qualities  were  not  required,  and  the  attempt  wiw  a  fifulare. 
Nothing  further  in  this  line  was  dom^  until  the  Department  pushetl  the 
matter. 

Little  or  no  information  in  regard  t<»  the  qualities  of  truuniou- hoops 
was  at  hand,  so  in  order  to  obtain  alrsDlutely  the  qualities  of  a  forged 
trunniou-hoop  throughout  the  mass,   to  determine   consequently  tlM 
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jivira^e  qualities,  what  falling  off  in  elastic  strength  there  was,  if  any, 
toward  the  middle  of  the  thickness  and  at  the  base  of  the  trunnions 
and  incidentally  to  give  the  Midvale  Steel  Company  some  little  expe- 
rience with  that  forging  (the  trunnion-hoop),  in  respect  to  the  manufact- 
ure of  which  they  had  moref  fear  as  to  their  ability  than  either  the  tube 
or  jacket,  you  were  pleased,  in  the  month  of  July,  1885,  after  very  full 
discussion,  and  after  a  proposition  to  manufacture  both  a  forged  and 
cast  experimental  trunnion-hoop  had  been  decided  in  the  negative,  to 
direct  the  manufacture  of  a  forged  experimental  trunnion  hoop  of  the 
size  required  for  an  8-inch  breech-loading  steel  rifle,  to  be  left  rough  as 
it  came  from  the  hammer,  except  that  it  was  to  be  bored  to  within  one- 
eighth  inch  on  a  side  of  the  finished  interior  diameter,  and,  when  oil  tem- 
pered, to  have  as  little  surplus  metal  as  possible,  especially  in  the  vicin- 
ity of  the  trunnions  and  rim-bases.  An  extra  length  of  2  inches  at  each 
end  was  allowed  for  taking  test  specimens,  to  determine  the  acceptance 
or  non-acceptance  of  the  hoop. 

Very  low  physical  qualities  were  demanded,  viz:  In  specimens  6 
inches  long  between  shoulders  and  0.564  of  an  inch  in  diameter — 

Elastic  limit,  45,000  pounds  per  square  inch ; 

Tensile  strength,  95,000  pounds  per  square  inch ; 

Elongation  after  ru])ture,  15  per  cent. 

The  results  of  the  test  of  no  one  specimen  to  be  below — 

Elastic  limit,  42,000  pounds  per  square  inch; 

Tensile  strength,  88,000  pounds  per  square  inch; 

Elongation  after  rupture  12  per  cent.; 
and  it  was  hoped  and  expected  that  much  higher  qualities  would  be  ob- 
tained. 

Though  son)e  diliicnlty  was  experienced  in  forging  the  hoop,  the  man- 
ufacture throughout  w^as  very  satisfactory,  and  much  less  difficulty  was 
met  than  had  been  anticipated.  It  was  made  from  an  ingot  weighing 
about  l.'>,0()0  pounds,  was  frequently  retreated,  and  when  the  operation 
of  forging  was  completed  varied  considerably  on  the  exterior  from  the 
recjuired  (limensions,  so  much,  in  fact,  that  before  treatment  metal  was 
cut  ironi  it  in  th(»  vicinity  of  the  rim-bases.  After  this  operation  and  the 
rough  boring,  its  dimensions  approximated  quite  closely  to  the  rough- 
tin  ished  dimensions  required. 

The  forging  was  annealed  at  a  high  heat  before  oil-tempering,  and 
after  that  oi)eration  was  again  annealed  at  a  lower  temperature. 

The  results  of  the  test  of  four  specimens  from  each  end  of  the  hoop 
were  as  follows : 


[LcDj^th  of  8])ecimen,  6  lucheH ;  sectioDal  area,  0. 25  of  a  square  iuoh.] 
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Ou  acceptance  the  hoop  was  sliipped  to  Lieut.  K.  Biniie,  jr.,  at  the 
works  of  the  West  Point  Foundry  Association,  at  Cold  SpriniTi  ^'  Y., 
where  it  was  to  be  cut  up  and  thoroughly  tested,  both  by  further  ma- 
chine tests  and  by  shrinkage  tests. 


FORGINGS  FOR  THE  PARTS  OF  A  FIVE-INCH  STEEL  BREEOH-LOABING 

RIFLE. 

These  parts  consisted  of  tube,  jacket,  sleeve,  base-ring,  key-ring, 
breech-block,  obturator-stem,  lever-handle,  nut,  carrier-ring,  and  trun- 
nion-hoop, of  the  following  rough  finished  dimensions : 


Nature  of  piece. 


Tube.. 
Jacket. 

Seeve. 


Base-ring 

Ko3'-rixig 

Breech-block... 

Obtorator-fltem 

Lever-handle . . 

Nut 

Carrier-ring  — 
Trannion-hoop. 


Interior 

Exterior 

Length. 

diameter. 

diameter. 

Inehet. 

Indus. 

Inehet. 

4.6 

9.8 

138.25 

&6 

15.4 

59.55 

8.6 

ll2'.9{ 

1&45 

S.75 

10.3 

5.75 

8.3 

11.4 

6.25 

0.75 

7.1 

9.6 

6.45 
10.6 


50.1 

{2.2 

2.0 

2  0 

10.5 

14.8 


2.0) 

0.25 
14.0 
1.25 


With  projection. 


1  75  '  WithprqIectioB. 
11.18  !  With  rim-baaea  and 
I      tmniiiona. 

I 


To  be  forgings  of  open  hearth  steel,  oil-tempered,  and  afterward  an- 
nealed, and  to  have  the  following  physical  qualities : 


Tube. 


f  Elastic  limit.  42,000  poands  i>er  1  (  Elastic  limit.  36,000  poonda  per 

sqanro  inch.  ]  The  results  of  the  j     square  inch. 

Tensile  sti-cn^ith,  88,000  pounds  (^  test  of  no  one  (  Tonsilo  strensth,  80,000  poondi 
per  squuro  inch.  |     speciiueii  to  bo^l     piT  B<inare  inch. 

EIoDf;ation  aftor  ruptni-e.  20  por       bel«>w—  .  Elongation  after  mptara^  ITper 

cent.  j  [     cent. 


Jacket,  sk^vo,  (^^^i;;*rjj;i\iii,^'^'"'""'^"  ^•'' 

kI2^J]«^J'^«^    T-Vn«ilc  PtniiL'th.  9.1. 0(K)  iM.unds 
base-ring,  and  ^     ^^^.  ^^„„^.^,  ^„,.,, 

Elongation  after niiituit*,  IS  per 
cent. 


other      small 
forgings — 


f  Elastic,  limit.  48,04.H)  pounds  per 
I     square  inch 


Elastic  limit.  46.000  iMMuidsper 
The  n'sults  of  the  ]     square  inch, 
test   of  no  one  j  Teiisilo  strenirUi.  88.000  pounds 
Hpeciiufu  to  W\     p4>r  square  inch, 
below—  Elongation  after  rupture,  ISptr 

t     cent. 

Elastic  limit.  43,000  poonda  pw 


^r1  (Elastic  limit.  43,0 

The  results  of  the  j     Kiiuare  inch. 
iViiiiTiinn  iinnn    '  Terisilo  st length.  Ofi.OOO  f»oundH  {     test   of  no  one  !  Tensile  stn<ngth,  85,000 
xniumoumKiii.  s     per  square  luch.  (      specimen  to  bo  "j     per  squan^  Inch. 

I  Elongation  after  rupture.  I'lper  |     Im*1ow —  I  Eloi 


I 


cent. 


Elongation  after mptnray  Upcc 
I     cent. 


The  forgings  for  tlio  parts  of  tins  rifle  were  similar  in  form  to  those 
for  the  parts  of  ♦3.2-inch  steel  field  gun,  but  larger  in  size. 

The  manufacture  of  all  the  parts  except  the  jacket  proceeded  rap- 
idly and  satisfactorily,  ainl  they  were  tlnished  antl  accepted  within  Ave 
months  of  the  date  of  th(»  contia<*t. 

The  com])any  have  not  yet,  however,  protluced  a  satisfactory  jacket- 
forging.  The  first  one  forged  in  Xoveiuber  last  was  finally  r^ected  by 
the  Department  in  March,  on  account  of  unsatisfactory  results  of  the 
testof  specimens  taken  from  one  end.  Since  that  time  three  other  jacket- 
forgings  have  been  made  by  the  company,  tested  and  experimented  with, 
and  finally  condemned  without  being  presented  to  the  Department  for 
test ;  and  as  soon  as  a  satisfactory  ingot  has  been  cast  a  fifth  jacket- 
forging  will  be  made. 
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This  ^'Rfiit  di'liiy  i"  fiinii.sliiii;;  tbis  oue  forgiug  preveuts  completion 
of  tlie  rillti.  it  is  surprising  tbut  tbeie  sbould  bave  been  so  mauy  fail- 
ures, for  the  compiiny  lias  succesttfally  produced  quite  a  number  of  jackets 
fur  5-incti  and  C-incb  guus  of  larger  size  tliau  tUc  one  required,  and  the 
pbysioil  qualitio))  demanded  are  not  particularly  bigh.  The  failures 
since  tlie  first  one,  wbiuli  was  due  to  imperfect  material,  can  only  be  ex- 
plaine<l  by  the  fact  that  the  metal  used  was  too  bard. 

Tlie  physical  qualities  of  the  forgings  accepted  are  given  below : 

Besallg  of  tensile  te 

[Length  at  Bpecimen,  2  Iccbeg ;  i 
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ONE   HOOP  FOR  TEN-INCH  OAST-IEON  WIEE-WOUND  BIPLB. 

This  hoop  was  luaiiufaetured  in  the  usual  manner  without  incident  of 
interest. 
The  rougb-flnisbed  dimensions  required  were : 


ir  diameter . .... 36} 
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It  was  accepted  on  llie  results  of  tost  <»f  spmnieiis  sbowiiig  the  fol- 
lowing ])hysi(:al  qualities : 

[Lvn^h  of  flpe<'inu*iii«.  6  inches ;  sectional  aivu.  0.25  of  a  sqnaro  inch.] 
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FIVE  FORGhED  HOOPS   FOU   A  10-INCH  SIEEL  BREECH- LOADING  BIFLB. 

These  hoops,  for  the  chase  of  a  10-in<*.h  steel  breech  loading  rifle, were 
required  of  the  following  rough-tinished  dimensions : 


Xomber  of  hoops.    Mark.  ^5^/^^^^^  Ext«Tior  diameter.         j  Length. 


I 


1. 
1. 
1. 
1. 
1. 


1   04 

Cs 
C« 
Cr 
C» 


Inchtf. 
16i 

15^ 

142 

14.0 


Inehex.  \ 

S  22))  at  OHO  end  ta|»erinf;  to  }  ; 
\  L'l^nt  the  other  end.  y 
S  21ji  at  «»iie  end  taperinj;  to  1 1 
\  LV3  nt  the  other  end.  51 
(  20ri  nt  one  enil  tap<>riiig  to  )  j 
I  K'-;  at  tlie  other  <nd.  >] 
J  1!»J  at  i>n»'  end  taptMin;;  tti  ( 
}      \i:l  at  the  other  end.       5  ' 

ij  n  ^  ^**£  •'*  ""''  ''"*^  taperini:  to  \ ; 
'^-  "  >      ITfi  at  the  t.ther  end.       >  : 


314 
304 
301 
30| 


and  to  have  the  usual  physical  qualities  required  by  the  Department  in 
specimens,  6  inches  in  length  between  shoulders,  and  0.564  of  an  inch 
in  diameter,  taken  fnnn  hoo^is,  viz : 

Elastic  limit,  over  55,000  pounds  per  s(]uare  inch. 

Tensile  strength,  ov(T  100,000  pounds  per  square  inch. 

Elongation  after  rupture,  over  12  per  cent. 

They  weix*  of  such  length  that  it  was  deemed  advisable  to  require 
that  they  be  tested  at  both  entls.  SoniediOiculty  has  biH^n  ex])erienced 
by  the  company  in  obtaining  tlu^  required  i>hysical  qualities,  and  retreat- 
men  t  has  been  resorted  to  very  freciiu^ntly.  Two  of  the  hoops  have 
been  accepted  as  to  physical  <iualities,  two  others  are  submitteil  for  test 
by  the  Department  and  have  had  sp<M*iniens  cut  from  them,  while  the 
filth  is  still  under  treatment. 

In  deciding  from  their  own  t<^sts  t>f  these  hoops  whether  or  not  to  sub- 
mit them  for  test  by  the  Department,  the  company  have  felt  the  nee<l 
of  a  reliable  testing-maciiine:  the  Fairbanks  machine  which  wa8  erected 
at  these  works  in  the  winter  of  1S84-5  not  having  yet  been  put  into  nse, 
the  company  have  still  to  depend  upon  their  old  machine.  Tliis  want 
has  delayed  the^^work  somewhat. 
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results  obtained  from  the  lioops  teatetl  are  as  foDows: 

of  leaiiil':  IflK  of  iangtntial  ipeiimtnr  from  hoops  for  10-tHoft  tietl  bretdt-lixiding 
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ONE  HUNDRED   AND  POUK  ROLLED  STEEL  BILLETS. 

Tlie.sc  billets  tor  steel  wire  to  be  usetl  in  gan  construction  are  re- 
(jnired  to  be  2  inches  square  and  to  weigh  about  80  pounds  each. 

FroDi  the  bottom  of  eacii  ingot  used  at  least  5  per  cent,  of  the  total 
weight  luust  be  cut,  and  only  the  lower  half  of  the  remainder  is  to  be 
nNeil  in  the  ninuufacture. 

Two  rolled  billets  from  each  iugot  are  to  be  tested  ;  from  each  of  these 
two  longitudin-cil  and  two  transverse  specimens  are  to  be  taken,  the 
lougitndinal  siK-cituens  being  2  inches  long  between  shoulders  and  0.503 
of  iin  ineh  in  diameter;  the  transverse  specimens  being  1.3  inches  be- 
tween shoidders,  and  0.3  of  an  inch  in  diameter. 

The  |)liy.>sicHl  qualities  reqnired  as  a  minimum  are — 

Fur  tli<'  loiiciliulinat  "peuimeiis : 

Teiisik  slrenntli,  6,1,000  poiiDds  |icr  sqiiani  inch. 

Kloiigation  .ifU-r  rupture,  30  per  cftit. 

Contraction  of  nrt-a,  ItO  per  ctal. 
Fit  tlir  tratiBvelTe  it|iPcim«iiB ; 

'J'liDHilu  HtruUKtli,  G-'ipUOO  poimils  per  square  inch. 

KloDi;iition  nfter  ruiitnre,  14  per  «ent. 

fontini-tionnrarPB. -JO  percent. 

Though  this  contract  was  executed  about  four  months  ago,  the  eom- 
piin.v  hiive  as  yet  produced  no  satisfactory  billets.  Several  heats  of 
uH'titl  liave  been  cast  for  the  puipose,  but  none  of  the  billets  rolled  from 
tliem  have  shown  the  required  physical  qualities. 

■■'nrthcr  attempt  to  fill  the  contract  is  being  made  by  the  company. 
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BGEECUMECHANISM  FORGINGS  FOB  AN  S-IISGH  AND  A  10-INCH  STEEL 
BREECULOADING  RIFLE  AND  A  12-INGH  BREECH-LOABING  UFLED 
MORTAR. 

The  rough-fiDished  dimensions  of  these  forgiugs  are  as  follows: 


Nature  of  piece. 


Interior  I  Exterior  !  Tp„jrth 


diumeter. ;  diameter. 


For  8-incli  strel  breech-loading  rifle; 
Brvecli  block 


Inehei. 
2.13 


Spindle 

Brcecli-bb)ok  carrier 

LeviT  linndle _ 

lIinj:o  pin    

Gas-cherk  i  inj; 

Breech -buftb  in);  rin^ 

For  ]U>ini-li  8t(vl  bici'ch-luadingride  : 
Breech  block 


10.  U 


Inehei.    I 
11.  W  I 
2.75^ 
10.0  S; 
IG.3 


{ 


•J.  5 
10.0 

3.0 


Spindle 

Face  plate 

Gas-chock  ring 

Hini:!'  pin 

Bar  for  Rcciuinc  ])iu8 

For  I'J-inch  bn^ooh-Ioudiu^rriduduior- 
tarn: 
Breechblock 


3.6 


'J.  25 
JO.l 

IG.  1 

I 

14.75 
C   3.5? 
\  12.  5  < 
14. 7:.  I 
12.  75  . 

•>    0-,    : 

3.5 


3.0 


Spindle 

Face  plate 

Gas-cticck  rinj; 
Binge  pin 


C.5 
3.5 


{ 


15.25  ' 
3.  5  >i 

12.75S 

16.5    I 

13.0 
2.25 


Inehe9. 
22. 25 


With  pntjection. 


28.0 

5.5 
25.1 
21.0 

2.5 
1G.0 

18.0 

24.0 

2. 25 
2.75 
l&O 
l&O 


16. » 

23.0 

2.25 
2. 75 
18.0 


I 


With  prqjMtion. 


With  projeotloii. 


I 


With  ann  10".75  long  bj  4.  ly 
3'M6. 


With  arm  12".l  long  by  i.  Ij 
3".25. 


The  physical  qualities  of  the  metal  to  be  as  follows: 

For  tho  breoch  block,  fjas-cliock  rings,  and  Hpindlcs: 

Tangential  Hprcimens.  'A  inolu\s  in  length  between  shoulders  and  0.564  of  an  incli 

ill  diuuu'ter. 
Kla8tic  limit,  not  less  than  ol,500  pounds  per  square  inch. 
Tensile  strength,  not  h.'ss  than  10u,000  pounds  per  Hquare  inch. 
Elongation  after  rupture,  not  le.ss  than  15  per  cent. 
For  the  bushing  rings: 

Tangential  speciniens,  ()  incheH  in  length  between  shonldeTS  and  0.564  of  ftnineli 

in  diameter. 
Elastic  limit,  not  less  than  r>5,000  pounds  per  square  inch. 
Tensile  strength,  not  less  than  U>0,OlK>  pounds  per  square  inch. 
Eljngatiou  after  rupture,  not  les^s  than  12  per  cent. 
Longitudinal  specimens,  2  inches  in  length  between  shoulders  and  0.505 of  SB 

inch  in  diameter. 
I^lastie  limit,  not  less  r»r),OlX)  pounds  ))er  square  inch. 
Tonsile  strength,  not  less  than  lt)U,(H)0  per  square  inch. 
Elongation  aifter  rupture,  not  less  than  IS  per  cent. 

The  rei!>iilts  of  the  test  of  no  one  specimen  to  be  below  the  flgaiei 
|2:iven  above. 

For  the  face  plates,  block  carrier,  lever  and  hinge  pins: 

Specimens,  3  inches  in  length  between  shoulders  and  0.564  of  kn  inoli  in  dlaa- 

et4jr. 
Elastic  limit,  not  less  than  41), IKK)  pounds  per  square  inch. 
Tensile  strength,  not  less  than  90,tX)0  pounds  per  square  inch. 
Elongation  after  ru])ture,  not  le.ss  than  15  per  cent. 

The  resalts  of  the  test  of  no  one  specimen  to  be  below  the  flgnm 
given  above. 

For  the  forji^ed  bar  for  securing  pins : 

Specimens,  2  inches  in  length  biitween  shoulders' and  0.505  of  an  inch  in 

eter. 
Elastic  limit,  not  less  than  55,000  i>ounds  per  square  inch. 
Tensile  strength,  not  less  than  1(K),0(K)  pounds  iter  square  inch. 
Elongation  after  niptun*.  not  h'ss  than  18  piT  cent. 
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The  results  of  the  test  of  no  one  specimen  to  be  below  the  figures 
given  above. 

In  all  cases  the  forcings  were  required  to  be  made  of  sufficient  extra 
length  over  the  specified  to  allow  the  contractors  to  furnish  the  required 
test  specimens. 

All  these  parts,  except  the  breech  blocks  and  spindles,  have  been 
forged,  oil-tempered,  and  annealed,  and  the  specimens  for  test  are  being 
cut  from  them. 

TWELVE    ROLLED-STEEL    HOOPS  AND  ONE    HAMMERED- STEEL  TRUN- 
NION HOOP  FOR   A  12-INCH  BREECHLOADINa  RIFLED  MORTAR. 

The  rough-finished  dimensions  of  the  rolled  hoops  are  as  follows: 


Nnmber 
of  hoops. 

Mark. 

Interior 
diameter. 

Exterior 
diameter. 

Leugth. 

Bg,  B4,  B5,  B«. 

Ai. 

At. 
As,  A4,  As,  Ac. 

A^ 

Inehet. 
36 
36 
31i 

aik 

31} 
3U 

Inehet. 

42 

874 

36i 

Inehet. 
I2I 

m 

101 

And  of  tlie  tmiinion  lioop  : 

Interior  diameter,  36  inches ;  exterior  diameter,  43  inches ;  length,  14.35  inohet, 
with  rim-bases  and  trunnions. 

The  physical  qualities  required  are — 

For  the  rolled  hoops ; 

Elastic  limit,  not  less  than  55,000  pounds  yer  square  inch. 
Tensile  strenj^h,  not  less  thau  100,000  pounds  per  square  inch. 
Elongation  after  rupture,  not  less  than  12  per  cent. 

The  results  of  the  test  of  no  one  specimen  to  be  below  the  above 
figures. 

For  the  trunnion  hoop  : 

Elastic;  limit,  not  less  than  49,000  pounds  per  square  inch. 
Tensilo  stn^n^tli,  not  loss  than  95,000  pounds  per  square  inch. 
Elongation  jiftcr  rupture,  not  less  than  12  per  cent. 

The  results  of  the  test  of  no  one  specimen  to  be  below  the  above  flgnres, 
and  all  are  to  be  made  of  sufficient  extra  length  over  that  specified  to 
allow  the  contractors  to  furnish  the  required  test  specimens  6  inches  in 
length  between  sboulders  and  0.564  of  an  inch  in  diameter,  of  which 
four  arc  to  be  taken  from  each  rolled  hoop,  except  hoops  Ai,  A2  and  A7, 
and  four  from  each  end  of  the  forged  trunnion  hoop. 

The  billets  for  the  rolled  hoops  have  all  been  cut  from  the  ingots,  and 
and  are  ready  to  roll. 

The  manufacture  of  a  forged  trunnion  hoop  of  the  siza  required  was 
such  a  step  in  advance  of  the  manufacture  of  the  8-inch  forged  trunnion 
hoops  previously'  referred  to  in  this  reix)rt,  that  some  hesitancy  was  felt 
in  undertaking  the  work  under  penalty,  as  it  seemed  quite  possible  that 
the  existing  plant  would  be  insufficient  for  the  work,  and  hence  you 
were  pleased  to  insert  in  the  contract  the  proviso  that  if,  after  experiment, 
the  contractors  found  themselves  unable  to  make  the  forged  trunnion 
hoop,  a  steel  casting  for  the  trunnion  hoop,  tempered  and  annealed,  of 
such  physical  qualities,  and  at  such  reduction  in  price  as  should  besatis- 
factoiy,  would  be  accepted  in  lieu  of  the  forged  hoop. 

9331  OR 23 
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It  is  gratifyiDg  to  note  that  the  boop  has  been  very  sncccssfully  forced, 
and  wsis  in  much  bett^er  shape  after  that  operation  than  either  of  the 
8  inch  trunnion  hoops  previously  made. 

Tests  of  the  metal  so  far  as  made  show  the  forging  to  be  iu  satisfiftc- 
tory  condition. 

The  manufacture  of  this  trunnion  hoop,  at  the  earnest  solicitation  of, 
and  under  contract  with  the  Department,  is  but  one  more  instance  of 
the  help  and  encouragement  which  the  Department  has  been  to  the  steel 
manufacturers  of  the  country  in  ascertaining  their  ability  and  ca|Uicity 
to  make  gun  forgings  and  in  pushing  that  capacity  to  its  limit. 
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REPOirr  SHOWING  THE  NATURE  AND  PROGRESS  OF  THE  WORK  DONE 
FOR  TUE  ORDNANCE  DEPARTMENT,  UNITED  STATES  ARMY,  BY  THE 
CAMBRIA   IRON  COMPANY  DURING  THE  FISCAL  YEAR  ENDING  JUNE 

:U),    18H(). 

liY  Lieut.  F.  E.  PIobbs,  Ordnance  Department. 

Cambria  Iron  and  Steel  Works, 

Johnstown,  Pa.^  July  30,  188G. 

Tln^  Chief  of  Ordnance,  U.  8.  A., 

Washington^  D,  C, : 

Sir  :  Complying  with  your  instructions  I  have  the  honor  to  submit 
the  following  report,  showing  the  nature  and  progress  of  the  work  done 
for  the  Ordnance  Department  by  the  Cambria  Iron  Company  during 
the  fiscal  year  ending  June  30,  1886. 

During  the  time  specified  the  Cambria  Iron  Company  have  been  act- 
ively engaged  in  work  on  the  forged  hoops  for  a  lOinch  steel  breech- 
loading  rifle,  contract  for  furnishing  them  having  been  awarded  the  com- 
pany as  the  lowest  bidder  in  September  last,  and  have  also  done  some 
work  towards  furnishing  a  set  of  forgings  for  a  7-inch  steel  breech  load- 
ing howitzer. 


forged  hoops  for  a  10-inch  steel  breech-loading  rifle. 
The  rough-finished  dimensions  of  these  hoops  are  as  follows,  viz: 


i  Number  of 

Mark. 

Exterior 

Interior 

Length. 

1      hoops. 

1 

1 

diameter. 

diameter. 

1 

JneheM. 

Jnche*. 

IWitiM. 

4 

Bt,Ba,B4,B.. 
Be 

39i 

33.0 

19* 

1 

•.\9 

33.0 

22; 

1 

Br 

39i 

33.0 

6; 

1 

A. 

37* 

27} 

2^ 

1                  *> 

As,  Aa 

331 
.33| 

27| 

21; 

3 

A4,  Ag,  A« 

27J 

18} 

1 

A, 

331 
30} 

27} 

22* 
2l| 

1 

Oi 

22} 

1 

I>s 

30* 

22} 

20* 

1 

Ds 

28J 

21} 
21} 

21.0 

1 

D4 

27% 

22.0 

1 

Ci 

•J..i 

171 

21| 

1 

C5 

23^ 

171 

2^ 

1 

Cj 

22i 

to  be  oC  opeu-hesuMi  steel  of  American  production,  to  bo  oil-tempered 
an<l  alt(T\vards  jinnealed,  and  to  show  the  usual  physical  qualities  for 
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Loops  as  determined  by  the  test  of  tangential  speciinens  G  indies  long 
between  shoulders  and  (K5G4  of  an  inch  in  diameter,  viz : 

Elastic  limit,  over  55,(MH)  poundH  ])er  sqiiure  inch. 
Tensile  strength,  over  100,000  ])ouiid8  per  square  inch. 
Elongation  after  rupture,  over  12  per  centum. 

each  of  the  hoops  to  be  forged  of  sufficient  extra  length  over  that  re- 
(|uired  to  allow  the  manufacturer  to  furnish  the  t4>st  specimens  required. 

The  work  on  these  hoops  being  the  iirst  of  the  kind  ever  undertaken 
by  this  company,  they  were  compelled  to  make  changes  in  and  additions 
to  their  tools  and  plant,  to  experiment  considerably  in  the  workingand 
treatment  of  metal  suitable  for  the  pui^)ose,  and  to  educate  and  organize 
a  force  of  employes  to  do  the  work  properly  after  the  way  to  do  it  had 
been  determined. 

All  this,  adde<l  to  the  fact  that  the  hoops  are  of  greater  length  and 
weight  than  any  heretofore  made  in  this  country,  and  that  the  specifi- 
cations as  to  physical  qualities  are  severe,  has  tended  to  delay  the  com- 
pletion of  the  contract,  though  the  manufacturers  have  been  lavish  in 
expenditureof  money  and  have  displayed  great  energy  and  perseverance 
in  overcoming  the  troubles  or  obstacles  that  arose  at  the  commence- 
ment of  the  work. 

Actual  work  on  the  contract  may  be  SMd  to  have  only  commenced  in 
February  last,  for  everything  that  was  done  before  that  time  was  val- 
ueless as  product,  though  giving  a  very  considerable  experience  to  the 
manufacturers.  Since  that  time  the  work  has  progressed  quite  satis- 
factorily. 

It  speaks  well  for  the  company  and  their  reliability  that  Ihey  persisted 
in  their  endeavors  to  complete  the  contract,  even  at  a  loss,  and  did  not 
give  it  up  in  despair;  while  their  thanks  are  due  to  the  Department  fbr 
continued  reliance  in  their  ability  in  the  face  of  poor  results  and  for  tbe 
forbearance  that  allowed  and  encouraged  them  to  proceed. 

As  the  company  owns  a  very  fine  new  emery  testing-machine  of  300,- 
(H)0  pounds  capacity,  they,  very  early  in  the  life  of  the  contract,  requested 
that  the  specimens  taken  from  the  hoops  should,  to  save  time,  be  tested  at 
their  works  in  the  presence  of  the  inspector.  After  many  comparisons 
between  their  machine  and  the  one  at  Watertown  Arsenal  had  estab- 
lished the  fact  that  reliable  results  could  be  obtained  from  tests  at  Johns- 
town you  were  pleased  to  allow  the  company  to  test  all  but  one  of  each 
set  of  specimens  taken  from  the  hoops,  one  of  each  set  being  sent  to 
Watertown  Arsenal  for  test  and  also  for  the  determination  of  hardness 
and  specific  gravity. 

At  the  present  time  twelve  of  the  hoops  have  been  accepted  and  roagfa 
finished,  two  others  have  shown  satisfactory  partial  test,  and  the  re- 
mainder are  in  a  forward  state  of  completion,  all  but  ione  being  forged 
and  under  treatment. 

A  summary  of  the  results  obtained  in  test  of  specimens  taken  firom 
these  hooDS  is  given  below 
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liesulis  of  tensile  test  of  tangential  specimens  from  hoops  for  10-tiicA  steelhreeoh-loading  rifle. 
[Length  of  specimen,  6  inches ;  sectional  area,  0.25  of  a  sqoare  inch.] 


ki 


o 

a 

a. 

uO 
Cm 

o 

V 

B 
5?5 


Position  of  specimen. 


A, 1 

Aa 2 

A, :J 

At 4 

A4* 1 

A4* 2 

A4   3 

A4* 4 

A4  5 

A4  1  6 

A4   I  7 

A4   8 

Aft* I  1 

Aft 2 

A»  3 

A» 4 

As 5 

A. ;  1 

A, '  2 

A. 3 

A. ,  4 

B, 1 

B*  2 

B,  I  3 

Ba 4 

Bi  5 

Bs  6 

B4    5 

B4   6 

B4     7 

B4    8 

Bft* 1 

Bs   2 

B5   3 

B,   4 

Bs  5 

B?^ 1  i 

B7  2 

IV   3  ' 

B;   4 

B?   0 

<'it 1 

Ci 2  I 

C. 3 

Ci    4 

C. 

Ci 1 

Ca 2 

(h 3    ; 

C3 4 

Di 1   i 

l)i 2  1 

Di   3 

Di I  4 


Middle 

Outside 

Middle 

Inside  . 

Middle 

Outside 

Middle 

Inside . 

Middle 

Outside 

Middle 

Inside  . 

Middle 

Inside  . 

Middle 

Outside 

Middle 

—  do  . . 
Outside 
Middle 
Inside  . 
Middle 

—  do . . 
do.. 

Outnide 
Middle 
Inside  . 
Middle 
Outside 
Middle 
Inside  . 
Middle 

do ... 

Outside 
Middle 
Insido  . 
Middle 
...do.. 
Outsidi* 
Middle 
Insiilcs  . 
. . .  do . . 
Middio 

do  .. 

...do.. 
Tnsi<le  . 
Middle 
Outside 
Middle 
Insidt' . 
Middle 
Outsijle 
Middle 
Inside  . 


t 


Poundt. 
68,000 
58,000 
60,000 
50,000 
58,000 
60,000 
58,000 
62,000 
56,000 
60,000 
65,000 
58,000 
55,000 
69,000 
56,000 
58,000 
54,000 
62,000 
64,000 
61.000 
63,000 
50,000 
53,000 
57,000 
58,000 
63,000 
64,000 
61,000 
55,000 
57,000 
59,00Q 
54,000 
57,000 
68,000 
56,000 
68,000 
63,000 
62,000 
64,000 
58,000 
63.000 
68,000 
64,000 
62,000 
65,000 
68,000 
62,000 
66.000 
65.000 
63,000 
57,000 
59,000 
54,000 
56,000 


1^ 


o  ee 
at 

tit's  •« 


Inch. 
.001975 
.001958 
.002037 
.001967 
.002100 
.002046 
,002008 
.002054 
.  001917 
. 002013 
.001842 
.  001058 
.001867 
.001900 
.001837 
.001946 
.001846 
.002133 
.002171 
. 002067 
.002158 
.001667 
.001683 
.001967 
.  001958 
.001758 
.001826 
.002100 
.001833 
.001921 
. 001954 
.001800 
.001950 
.001896 
.001837 
.001958 
.002088 
.002060 
.  002137 
.001954 
.002083 
.002300 
.002133 
.002071 
.002167 
.002267 
. 002167 
.002213 
.008483 
.002100 
.001867 
.001983 
.001787 
.001900 


a  o 

«  £  o 

<s  n  Q 

o  2*2 
9  •  • 

H 


Pounds. 
100, 120 
102,820 

98,800 
100,600 
104,240 
106, 200 
103, 120 
108,800 
103.960 
104,640 
102, 600 
106, 480 

97,840 
104,760 
100,960 
104,840 
101,320 
103,280 
104,640 
100,080 
104.400 

92,400 

98,320 
104,840 
107,840 
100,840 
101,640 
108,120 
101, 160 
104,160 
104,880 
102,000 
106,440 
104,120 
100,240 
105,880 
107,200 
109,660 
108  400 
106,400 
112,240 
108,720 
110,040 
110,820 
111.480 
112, 760 
110,000 
117, 200 
115,340 
101,400 
100,240 
103,920 

98,520 
100,660 


i 


(4 

i 

a 

eS 


Percent 
16.33 
18.75 
14.88 
17.00 
14.00 
13.76 
11.50 
9.50 
16.17 
15.60 
14.66 
10.83 
16.67 
15.17 
16.33 
14.68 
16.42 
17.17 
13.67 
I5w08 
14.60 
18.80 
18.17 
18.50 
12.00 
16.00 
12.90 
16.60 
13.76 
13.17 
1L50 
15.83 
12.67 
14.68 
14.00 
11.67 
11.88 
15.88 
15.83 
17.10 
12.00 
16.60 
15.60 
14.60 
16.00 
16.00 
16.33 
11.33 
12.00 
13.66 
16.83 
18.60 
14.67 
17.42 


IE 


Per  cent 
36.8 
29.1 
82.7 
47.2 
4L9 
29.1 
16.4 
17.0 
47.2 
87.7 
35.3 
32.1 
40:7 
49.7 
8a2 
35.6 
43.8 
47.2 
29.5 
83.7 
39.8 
19.7 
47.2 
89.2 
35.6 
37.6 
82.4 
49.7 
42.6 
86.2 
89.2 
44.6 
89.2 
87.8 
42.8 
40.6 
31.9 
44.6 
47.1 
41.9 
42.5 
30.6 
47.2 
2&.8 
38.3 
36.6 
49.7 
83.2 
26.6 
46.7 
39.2 
33.8 
29.6 
45w2 


V 

i 

Q 

1 

CO 


7.8409 


7.8488 


7.8424 


7.8402 


7.8409 


7.8482 


7  ftiAS 
I.  ovoo 


7.8419 


7.8376 


7.8438 


20.70 


22.14 


20.70 


2L80 


22.90 


24.26 


24.26 


2L64 


24.83 


2L40 


*  Not  HCi'cpted  on  these  results;  retempered  and  annealed. 
\  liejeoti'd  on  account  of  defect;  new  hoop  made.  ^ 
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FOkGlNGS  FOU  THE  PARTS  OF  A  7-INGH  STEEL  BREECH-LOADING  HOW- 
ITZER. 

These  part^  iuclude  tube,  jacket,  sleeve,  base  ring,  key  riug,  breiH:h 
block,  obturator  stem,  lever  handle,  nut,  earner  ring,  and  trunnion  hoop, 
of  the  following  rough-tinished  dimensions: 


Nature  of  piece. 


Interior       Kxterior   :    T^-.rtA.     ' 
dUmeter.  I  «liainetcr.       ^"inai.    , 


Romarks. 


Tube 

Jacket 

Sleeve 

llasKt  rioK 

Keyring 

Breech  bloi'k . . . 

Obturator  Htein 

Lever  handlo  . . 

Nut 

Carrier  rinp  -  -  • 
Trunnion  hoop. 


6.6  , 
10.  G  I 
10.0 

7.4 

0.8 

1.0 


8.1 
10.5 


Inehet. 

Inehet. 

12.1  ; 

87.15 

16.9    . 

80.15 

15.4 

2r..  25 

12.68 

7.8 

12.4 

1.75 

9.0 

12.0 

5          7.5    ! 
\          2.25 

2.25 

11.0 

2.0 

16.0 

2.25 

1.25 

12.0 

2.0 

l&O 

17.75 

With  projection. 


With  prqiection. 

With  rimbaaea  and  tninnioMi 


The  forgings  to  hv  of  open-hearth  steel  of  American  proiUiction,  oil 
tempered,  and  afterwards  annealed,  and  to  have  the  following^  physical 
qualities: 


Tube 


Klastic .  limit  42.  (HX)  ponnda 
]M>r  Btiuare  inch. 

TeiiHile  strength,  88,000 
poundH  per  square  incfa. 

Elnnpititm  after  rupture, 
20  j>er  cont. 

(Eluntio  limit,  52.000  pounds 
Jacket,  ah'i'Vf.  lirtHM-h        ih-i  wjuar**  iiu-li. 

block,     \ni»v    I  III!;.  !  TtMiHi]e     »ircnji;th,      0.\000 
and     other     small')     i»nuiiiN  per  Hiiuare  inch, 
furginga. 


o  o 

c 

t 


a  H  ^ 


Trunuiun  litN»p 


Kli>ii;:ati(m  after  rupture,  18 
I      per  t't-nt. 

[Elarttio  limit.  48. (MK)  jraunda 
per  Minare  ini-li. 
TeiiHile      atren^th.     9r».000 

pouiMis  per  square  inch. 
Klou^ation  aft«-r    rupture, 
I      15  ]K'r  cent. 


o  o 


o  c 

BE** 


e  E  41 

•  o 

?•= 


\  Elaatic  limit,  36,000  poanda  par  aqou* 

inch. 
I  Tenaile  atrength,  80,000  poaada  pfr 
")     aqnareinch. 

I  Elongation,   after    rapture,    17  per 
cent. 


Elaatic  limit,  46.000  poanda  per  aqi 

inch. 
Tensile  atrenglh,  88,000  pooada  ptf 

aquaro  inch. 
Elongation    after    rapture,   15  pv 

cent. 

Elastic  limit,  43,000  poaiula  per  aqnan 
ineh. 

Tenaile  atrengtli,  89,000  powida  per 
^     Mquare  inch. 

Elongation  afler  rapture,  IS  per 
j     cent. 


Work  under  this  contract  has  progressed  so  far  as  the  forging  aud 
treatment  of  the  sninller  parts;  the  forging  and  rough  tumingand  bor- 
ing of  the  tube  and  sleeve,  and  the  partial  forging  of  the  trannion  hoop. 
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rJiOGIUJiyS  REPORT  ON  CONSTRUCTION  OF  10  INCH  B.  L.  RIFLE,  CAST 
IRON,  WIRE-WRAPPED,  BY  LIEUT.  WILLIAM  CROZIEB,  ORDNANCE 
DEPARTMENT. 

(3  plates.) 

Wateetown  Ahsenal, 
Watertown^  Mass.j  August  13,  1886. 

Sir  :  I  have  the  bouor  to  submit  the  lollowing  progress  report  iiik)ii 
t  he  construction  of  the  10-inch  wire-wrapi)ed  cast  iron  rifle  recently  in 
progress  of  manufacture  at  this  arsenal. 

The  report  is  divided  into  live  parts,  as  follows: 

Part      I.  The  gnu. 

Part    II.  The  plant. 

Part  III.  The  materials. 

Part  IV.  The  teusions,  Hhrinkages,  aud  other  theoretical  considerations. 

Part    V.  The  praci  ical  operations. 

PART  L 

This  gun  first  made  its  appearance,  as  far  as  known  to  the  writer,  as 
one  of  several  designs  proposed  by  Dr.  W.  E.  Woodbridge,  submitted 
by  the  Chief  of  Ordnance  to  the  Board  of  officers  appoints  under  act 
of  Congress  approved  March  3,  1881,  generally  known  as  the  Getty 
Hoard  on  Heavv  Ordnance. 

« 

As  described  by  Dr.  Woodbridge  and  represented  in  the  drawings 
submitted,  the  gun  had  a  powder-chamber  of  about  11  inches  diameter, 
a  thickness  of  cast-iron  over  the  powder-chamber  of  about  8.25  inches, 
aud  of  wire  over  this  about  6  inches.  The  wire  to  have  a  tensile 
strength  of  at  least  150,000  pounds  to  thesquare  inch,  and  to  be  "  wound 
under  a  tension  of  50,000  pounds  or  more  to  the  same  area.''  The 
length  of  the  gun  to  be  25  calibers.  The  wire-wound  portion  extended 
only  as  far  forward  as  the  trunnions.  The  wires  to  be  soldered  to- 
gether after  winding  by  immersing  the  whole  in  a  bath  of  solder  of  low 
fusibility. 

The  Board  before  mentioned  recommended  the  construction  and  test 
of  a  cast-iron  gun  wound  with  wire,  upon  Dr.  Woodbridgtfs  plan,  for 
the  following  reasons: 

( 1 )  ExperioDcc  thus  far  gaiued  with  similar  gans  promises  for  the  construction  snc- 
ct'sH  within  the  usual  limits  of  powder  pressnre. 

(2)  They  cau  he  readily  aud  rapidly  reproduced  in  this  country  without  incurring 
til*'  (h'lay  of  8endin<j:  to  foreign  countries  lor  large  masses  of  forged  steel. 


•  »  •  » 


Hut  while  this  latter  class  (hnilt  up  steel)  of  gun  is  being  developed  through  a 
.series  of  careful  ami  costly  exi>erimentSj  some  cheaper  gun,  though  of  less  power, 
HUMceptihle  of  rapid  reproduction  in  case  of  need,  should  be  determined  u]K)n,  so  that 
the  oountrv  uiav  not  he  left  entirely  defenceless. 

3r>9 
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The  guu  was  again  referred  to  in  the  report  of  the  select  committee 
on  heavy  ordnance,  appointed  under  Senate  resolation  of  Aagost  3, 

1882,  in  the  I'ollowing  language: 

We  recommend  the  making  of  such  number  of  cast-iron  guns  banded  with  Mtti 
bands  or  wrapped  with  wire,  as  may  be  neeebsary  to  fully  and  thoroughly  teat  their 
efficiency. 

A  drawing  was  sent  to  this  arsenal  for  construction,  subsequently  to 
which  the  design  was  modified  as  follows: 

The  base  band  A,  Plate  I,  wus  shrunk  on  with  a  taper  of  .05  iuche«, 
instead  of  being  screwed  on  with  a  shrinkage. 

The  ring  F  was  shrunk  on  with  a  plain  cylindrical  surface,  instead  of 
a  screwed  one. 

The  additional  ring  G  was  screwed  on  in  front  of  ring  F, 

After  the  winding  was  completed,  and  before  the  rings  were  slironk 
on,  the  wire  wound  portion  was  to  have  been  incased  in  boiler  irop  and 
the  gun  placed  horizontally  in  a  soldering  furnace,  where  it  was  to  be 
heated  to  the  i)roper  temperature,  melted  solder  poured  into  the  case, 
and  the  gun  slowly  revolved  to  facilitate  the  penetration  of  the  solder 
into  and  through  the  mass  of  wire.  The  soldering  operation  was  omit- 
ted, experiment  with  a  trial  cylinder  having  shown  it  to  be  of  doubtful 
desirability  and  impracticable  by  the  method  proposed. 

THE  GUN 

As  built  is  shown  in  Plate  I. 

The  boily  is  of  cast  iron.  The  thickness  of  cast  iron  over  the  powder 
chamber  is  9.835  inches,  under  the  trunnion  band  it  is 8.96  inches,  under 
ring  F  10.475  inches,  under  ring  G  O.SO  inches.  Forward  of  ring  6  for 
a  distanc-e  of  28  inches  the  thickness  decreases  on  a  curve  whose  ordi- 
nates  are  given,  from  the  end  of  which  it  runs  down  on  a  straight  ta- 
per to  the  muzzle  where  it  is  4.5  inches. 

The  wire  is  wound  to  a  thickness  of  5.49  inches  over  the  i)owder-cham- 
berand  3.957  inches  under  the  trunnion  band  and  sleeve.  In  the  shallow 
recess  extending  from  a  little  in  i*ear  of  the  trunnion  band  to  the  forward 
end  of  the  sleeve  the  tension  of  application  of  the  wire  was  7,715  pounds 
per  square  inch ;  for  the  remainder  of  the  wire  it  wtis  41,(K)0  pounds  per 
square  inch.  At  the  breech  end  the  wire  abuts  against  a  steel  spool 
ring,  B,  which  is  screwed  upon  the  gun-body.  The  curved  space  at  the 
rear  of  the  recess  in  the  body  is  tilled  up  and  given  flat  surfaces  for 
winding  against  by  a  wroughtiron  tilling  ring,  which  is  in  two  parts, 
jointed  as  shown  in  Plate  1.  At  the  front  the  wire  abuts  against 
a  ring  composed  of  two  concentric  rings :  the  inner  one,  of  wrought- 
iron, is  in  two  parts,  with  straight  radial  Joints,  it  serves  to  fill  up  the 
curved  space  in  the  body  of  the  gun,  and  is  held  together  by  the  outer 
steel  ring,  E,  which  is  screwed  upon  it.  The  outer  portion  of  the  wire 
over  the  powder-chamber  abuts  at  the  front  end  against  the  trannion 
band.    All  of  the  spool  and  filling  rings  were  put  on  cold. 

The  steel  ring  A  was  bored  with  a  conical  hole,  the  larger  diameter  in 
rear,  the  difference  of  diameters  being  .05  inch.  It  was  put  on  with 
a  shrinkage  of  .0484  inch,  equal  to  .001G5  inch  per  inch  of  diameter. 
The  trunnion  ringC,  of  steel,  was  i>ut  on  with  a  shrinkage  of  .0368  intshi 
equal  to  .00102  inch  per  inch  of  diameter,  the  sleeve  D  with  .0228  ineh, 
equal  to  .0006  inch  jier  inch  of  diameter,  the  ring  F  with  .0444  inch,  equal 
to  .00148  inch  per  inch  of  diameter.  These  shrinkages,  except  for  the 
trunnion  band,  are  slightly  dill'erent  from  the  theoretical  oneSj  as  will  be 
explained  later. 
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The  frout  part  of  ring  F  is  cut  away  on  the  outside  for  the  purpose  of 
easing  ofl'the  pressure  on  the  cast-iron  body. 

Tbe  ring  G  is  to  bo  made  as  near  a  fit  as  practicable,  and  screwed  on 
cold. 

The  diameter  of  the  ritied  part  of  the  bore  across  the  lauds  is  10  inches, 
across  the  grooves  10.12  inches,  the  grooves  thus  being  .06  inch  deep. 
That  of  the  shot-chamber  from  the  front  edge  of  the  band  to  the  base  of 
the  projectile  is  10.20  inches;  that  of  the  powder- chamber  10.85  inches. 
The  length  of  the  powder-chamber  from  the  front  end  of  the  breech- 
block recess  to  the  base  of  the  projectile  is  56.25  inches ;  that  of  the  bore 
from  the  base  of  the  projectile  to  the  muzzle  227.25  inches.  The  total 
length  of  the  gun  is  300.75  inches,  or  30.075  calibers.  The  form  of  the 
front  end  of  the  powder-chamber  is  shown  in  Plate  I. 

THE   RIFLING, 

The  twist  of  the  rifling  increases  from  1  turn  in  120  calibers  at  the 
origin  to  1  turn  in  35  calibers  at  10  inches  from  the  muzzle,  from  which 
point  to  the  muzzle  it  continues  at  tbe  same  rate.  The  developed  curve 
is  a  semi-cubical  parabola  whose  equation,  referred  to  an  element  of  the 
bore  and  the  developed  section  at  the  origin  of  the  rifling,  is, 

(y-f  .35256)*=  .00001508(iF+ 20.2)3 

The  number  of  lands  and  grooves  is  50.  The  lands  are  .18  and  the 
grooves  .4488  inches  wide. 

■ 

'  BREEOH-MEOHANISM. 

The  breech-mechanism  is  of  the  interrupted  screw  system,  designed 
for  use  with  a  DeBang  gas-check,  and  presents  no  new  featares. 
The  composition  of  the  block-carrying  tray  is, 

Copper 55 

Zinc 44.5 

Tin .5 

Total 100 

This  is  completed  except  fitting  to  the  gun. 

WEIGHTS. 

The  weight  of  cast-iron  body  is  17  tons,  that  of  the  steel  wire  9tons,and 
of  other  steel  parts  3  tons,  making  the  total  weight  of  the  gun,  exclu- 
sive of  the  breech  mechanism,  29  tons.  The  axis  of  the  trunnions  passes 
through  the  center  of  gravity  of  the  gun  when  the  breech-block  is  in- 
serted; thus  the  gun  is  without  preponderance. 

PART  IL 

The  plant, 

THE  BUILDING. 

The  building  in  which  are  placed  the  winding  lathe  and  the  ftarnaces 
for  soldering  and  tinning  was  erected  for  this  purpose.  It  is  a  frame 
structure  with  a  slate  roof,  66  by  42  feet,  with  an  extension  20  by  17 
feet  in  the  prolongation  of  the  l^the,  the  latter  made  necessary  by  the 
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determiuation  to  bore  and  riHe  the  guu  at  this  arsenal,  not  at  first  in- 
tended. 

The  building  was  couimeuced  on  October  22,1884;  the  asphaltuin 
Hoor  was  finished  on  January  20,  1885.  Preparations  for  setting  the 
lathe,  bailding  the  furnaces,  &c.,  were  carried  on  concurrently  witii  the 
erection  of  the  building.  A  railroad  track  of  the  ordinary  guage  rans 
through  the  middle  of  the  building  lengthwise.  The  bailding  is  heated 
by  steam. 

THE  SOLDERING  FURNACE. 

It  was  designed  by  Dr.  Woodbridge. 

The  heating-chamber  is  an  oven  370  inches  long,  54:  inches  wide,  and 
(»<i  inches  high.  Eunning  along  the  bottom  of  the  oven  are  two  9-iiich 
I-beams  resting  on  CHSt-iron  supports,  forming  a  railway  for  the  tracks 
carrying  the  gun.  Eesting  on  the  lower  flanges  of  the  I-beams  and 
tbrming  the  floor  of  the  oven  is  a  sheet-iron  diaphragm.  The  sides  and 
top  of  the  oven  are  plastered  to  a  thickness  of  1  inch  with  a  mixtare  of 
fine  molding  sand  and  clay,  wet  with  equal  parts  of  water  and  molasses, 
to  this  being  added  as  much  fine  sawdust  and  chopped  manila  rope  as 
would  work  well,  the  whole  being  thoroughly  worked  together.  This 
plaster  was  supposed  to  have  very  little  conductive  power  and  littk 
tendency  to  crack  at  the  temperature  employed. 

For  the  purpose  of  determining  the  temperature  of  the  oveu  there 
were  to  be  hung  within  it  eight  mercury  thermometers,  opposite  to  glass- 
covered  apertures  or  peep-holes.  Six  of  these  were  distributed  at  eqaal 
distances  along  the  side  of  the  oven  near  the  top,  the  remaining  tvo 
being  lower  down  and  near  the  ends.  They  are  marked  h  in  the  draw- 
ing. Small  cranks,  worked  from  the  outside,  served  to  move  the  ther- 
mometers up  and  down,  so  as  to  expose  a  sufficient  length  of  their  mules. 

The  ends  of  the  oven  were  closed  by  cast-iron  doors  covered  with  the 
plaster  before  described. 

Without  the  furnace  are  projections,  marked  W,  in  which  to  rest  wind- 
lasses for  hauling  the  gnu  in  and  out. 

Below  the  floor  of  the  oveu  and  distributed  equally  along  its  length 
are  six  fire-places,  with  brick  sides  and  cast-iron  tops ;  each  cover  be- 
ing made  of  separate  plates,  so  that  they  might  slide  over  each  other 
under  the  expansive  action  of  the  heat. 

Connecting  with  each  fire  place  is  a  5-inch  pipe,  running  into  a  6-iDch 
pipe  at  the  rear,  and  finally  leading  through  an  8-inch  pipe  to  the  flue. 

The  fuel  was  cliarcoaU  at  first  intended  to  be  burned  directly  on  Uie 
floor  of  the  fire-place,  but  trial  having  shown  it  to  be  difficult  to  attain 
the  pi-oper  temperature  at  the  ends  of  the  oven,  the  end  fire-plaoes  were 
l>rovided  with  grates  extending  about  half  way  across. 

When  burnt  upon  the  floor  the  charcoal  was  passed  thtoagh  the 
upper  door  and  burned  in  a  little  pile  covering  the  damper. 

For  introducing  the  solder,  holes  were  left  at  intervals  along  the  top 
of  the  oven  ;  they  were  covered  by  a  casting  shaped  like  a  backet  and 
filled  with  the  plaster  mixture. 

A  continuation  of  the  Ibeani  railway  was  provided,  extending  for  a 
suflicient  distiince  in  front  of  the  furnace  to  rest  the  tracks  and  gon 
upon  it,  preparatory  to  running  them  into  the  oven. 

The  gun,  while  in  the  oven,  was  to  have  been  revolved  by  means  of  a 
shaft  projecting  through  the  door,  to  which  was  keyed  a  worm-whed 
rotated  by  suitable  gearing  and  pulley  from  overhead  shafting. 

To  convey  the  melted  solder  over  the  furnace*,  an  overhead  crane 
provided,  running  its  entire  length. 
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rbi8  luiiiaco  was  used  in  an  attempt  to  solder  a  trial  cylinder,  assem- 
bled in  connection  with  the  construction  of  this  gun.  The  attempt  not 
having  proved  successful,  it  was  abandoned  with  reference  to  the  gun, 
and  the  furnace  became  useless  for  the  puri)08e  for  which  it  was  in- 
tended. 

THE   SHRINKING    APPARATUS. 

When,  in  the  course  of  the  construction  of  the  gun,  th«  operation  of 
shrinking  on  the  hoops  was  reached,  it  became  necessary  to  devise  some 
means  of  heating  them,  and  for  this  purpose  one  end  of  the  soldering 
furnace  was  utilized. 

A  brick  wall  was  built,  partitioning  off  at  one  end  of  the  oven  a  heat- 
ing-chamber 83  inches  long.  The  tire-place  at  this  end  was  torn  out 
and  a  new  one  built  in,  with  a  grate  for  burning  anthracite  coal.  The 
door  and  damper  were  changeil,  larger  oues  being  substituted.  The 
draught-pipe  was  enlargt-d.  The  large  eud  door  was  fitted  with  counter- 
weights, and  arranged  to  slide  vertically.  A  short  prolongation  of  the 
I-beam  railway  was  arranged,  for  the  truck  carrying  the  ring  to  be  run 
in  and  out  upon. 

The  overhead  crane  was  utilized  to  lift  the  heated  ring  from  the  truck 
and  carry  it  into  place  on  the  gun.  Also  to  carry  the  "following  ring" 
for  pressing  the  hooj),  while  cooling,  up  to  its  place. 

The  fuel  used  was  chestnut  anthracite  coal. 

The  principal  other  shrinking  appliances  are  those  for  producing  a 
tight  joint  between  a  ring  and  the  shoulder  against  which  it  is  to  rest. 

Two  large  castings,  a  and  ft,  rest,  one  against  a  shoulder  on  the  gun, 
and  the  other  against  the  ring  being  placed.  Between  these  castings 
extend  four  wrought-iron  rods,  r,  each  3.5  inches  square,  one  end  of  each 
rod  being  threaded  for  a  nut.  While  the  ring  is  being  heated  in  the 
furnace,  thetse  rods  are  expanded  bj^  the  fame  of  gas-burners^.  As 
soon  as  the  ring  is  in  place  on  the  gun,  the  casting  A,  or  following 
ring,  is  brought  up  against  it,  the  rods  slipped  into  i)lace,  and  the  nuts 
screwed  up. 

The  contraction  of  the  rods  upon  cooling  pulls  the  following  ring 
against  the  hoop  with  such  force  as  to  keep  it  pressed  up  to  its  place. 
The  amount  of  force  is  regulated  by  a  gauge  which  rests  against  the 
end  of  the  rod  and  the  lace  of  the  nut.  The  rod  being  expanded  more 
than  necessary,  the  nut  is  placed  so  that  the  gauge  fits,  thus  restrain- 
ing the  rods  irom  contracting  to  their  cold  lengths  by  a  fixed  amount. 

The  operation  of  shrinking  on  a  hoop  is  as  follows : 

The  hoop  is  in  the  heating-chamber,  placed  horizontally  upon  the 
truck,  and  encircled  by  an  iron  band  with  an  eye  in  it  for  lifting.  The 
door  is  closed.  The  following  ring  is  suspended  from  the  overhead 
crane,  above  and  in  front  of  the  door  of  the  heating-chamber.  The  chain 
Tail  for  lifting  the  hoop  hangs  from  the  overhead  crane  in  a  convenient 
l)()sition.  The  gun  is  directly  in  front  of  the  heating-chamber,  supported 
on  blo<;king.  As  some  of  the  rings  in  going  to  their  positions  had  to 
jKiss  the  center  of  gravity  of  the  gun,  the  latter  had  to  be  counter- 
\\  (lighted  to  i)rcvent  it  from  tipping.  A  9  inch  I-beam  was  passed  into 
the  ])owder  chamber,  a  fit  being  obtained  by  perforated  wooden  plugs. 
On  this  I  beam  was  hung  an  old  cast-iron  8  inch  gun. 

The  upi)er  rods  of  the  press  are  drawn  up  into  the  position  for  heat- 
ing, and  retained  by  ropes  tied  with  slip-knots.  The  lower  ones  are 
swung  out  sufiiciently  and  rest  upon  greased  iron  bars.  To  each  rod 
its  own  gauge,  properly  marked  for  setting  the  nut,  is  attached  by  a 
thread.    The  gas  under  the  rods  is  burning 5  their  expansion  has  been 
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meaftured  aud  fouud  to  be  more  thau  sutlicieut.  The  water-Bprinkling 
riug  for  cooling  the  hoop  is  ou  the  ^im  near  its  i)08itioii  for  use.  Two 
watering-pots  for  cooling  oif  the  rods  of  the  press  stand  fall  of  water 
near  by,  a  supply  of  water  in  barrels  being  convenient. 

The  diameter  of  the  hoop  has  been  measured  by  means  of  a  measur- 
ing-nxl  attached  to  the  end  of  a  long  stick,  passed  in  throngh  an  aper- 
ture, uncovered  for  the  puqmse,  in  the  door  of  the  heating-chamber. 

At  the  command  the  door  is  opened  by  a  man  ou  top  of  the  fnmaoe, 
the  truck  is  ])ulled  out,  the  diameter  of  the  hoop  verified,  the  hook  of 
the  falls  engaged  in  the  eye  of  the  band  encircling  the  hoop,  and  the 
hoop  raised.  As  soon  as  it  is  at  the  proper  height  the  carriage  is  polled 
forward  on  the  traveling  crane  by  a  r()|)e  attache<l  to  the  carriage  and 
passing  through  a  pulley  at  the  end  of  the  crane.  The  hoop  is  gaided 
by  two  men.  As  soon  as  the  hoop  is  clear  of  the  truck,  the  following 
ring  is  lowered  and  pulled  forward  after  the  hoop.  The  hoop  being  up 
against  its  shoulder  the  following  ring  is  brought  pp  against  it,  the  gu 
pipes  pulled  from  under  the  press  roils,  the  lower  rods  slid  into  place 
and  the  upper  ones  lowered,  the  nuts  set  in  proper  |>ositions  by  means 
of  the  gauges,  the  threads  holding  the  latter  to  the  press  rods  being 
snapped.  The  nuts  being  adjusted  the  rods  are  immediately  cooled  oft 
.  with  the  watering-pots.  As  soon  as  the  sprinkling  of  the  rods  is  com- 
menced the  water  is  turned  on  in  the  water-ring  and  the  gnu  immedi- 
ately in  rear  of  the  hoop  kept  cool.  This  ring  is  afterwards  advanced 
to  the  rear  edge  of  tlK>  hoop  and  subsequently  over  the  entire  hoop. 

Eleven  men  are  required,  each  one  of  whom  is  of  course  thoronghly 
instructed  in  his  duties,  and  all  several  times  drilled  in  the  operation. 

For  shrinking  the  sleeve  a  giis  ring  was  also  used,  a  circle  of  bom- 
ers  keeping  the  forward  end  warm  until  the  rear  end  had  clamped  the 
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was  brought  from  Frankford  arsenal,  where  it  had  been  used  in  the 
construction  of  the  brazed  10-inch  wire  gun  finished  in  1876. 

It  is  now,  the  head-stock  having  been  raised,  capable  of  swinging  a 
piece  61  inches  in  diameter  and  450  inches  long.  It  is  not  bailt  as  a 
modern  lathe  of  its  capacity  would  he;  the  ways  are  too  light  and  the 
carriage  attachments  are  not  up  to  date.  Still  it  has  proved  and  is  a 
serviceable  tool. 

The  additions  for  boring  and  ritiing  the  gun  were  made  at  this  arse- 
nal, the  design  being  by  ]Mr.  H.  P.  Elwell,  draughtsman. 

The  bar  is  of  cast  iron,  9.75  intrhes  in  external  diameter.  It  is  hollow, 
in  two  pieces  joined  together.  It  rests  in  bearings  on  two  deep  I-beams, 
which  are  supported  on  castings,  (h  part  of  which  rest  on  the  ways  of 
the  lathe  and  part  on  a  continuation  of  the  ways  formed  of  I-beams 
joined  together  by  transoms  and  resting  on  masonry  supports. 

For  boring,  the  gun  is  revolved,  and  the  bar  is  fed  forward  by  a  screw 
which  runs  along  its  axis.  The  screw  is  revolved  by  a  worm-gear,  the 
motion  being  derived  from  bevel-gears  and  a  shaft  running  from  the 
head-stock,  Ix^tween  the  ways,  directly  under  the  axis  of  the  lathe.  A 
cutter-hea/l  carrying  seven  cutters  is  used. 

In  rifling,  the  gun  is  stationary,  and  the  bar  is  moved  forward  by 
the  same  screw,  but  a  more  i*apid  motion  is  given  than  is  possible  with 
the  worm-gear  by  a  gear  and  friction  pulleys  at  the  end  of  the  bed  ft.  The 
friction-pulleys  are  run  by  a  belt  from  overhead  shafting,  which  again 
is  run  by  a  pulley  on  the  shaft  between  the  ways. 
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As  the  bar  moves  forward  the  motion  of  rotation  to  prodnoe  the  rifling 
curve  is  given  by  an  inclined  rack  resting  in  a  gear  on  the  rear  end 
of  the  bar.  The  lower  end  of  the  rack  is  constrained  to  follow  the  line 
of  a  steel  bar  bent  into  a  curve  whose  ordinates  bear  the  same  ratio  to 
those  of  the  developed  rifling  curve  that  the  diameter  of  the  gear  in 
which  the  rack  rests  bears  to  that  of  the  bore  of  the  gun. 

To  turn  the  bar  into  position  for  cutting  another  groove  the  connec- 
tion between  the  gear  and  bar  is  released,  the  bar  turned  with  a  wrench, 
and  the  connection  again  made. 

The  connection  is  as  follows:  A  hollow  disc  or  ring  is  fastened  im- 
movably to  the  bar.  In  the  outer  periphery  of  the  disc  are  notches 
something  like  the  teeth  of  a  gear.  By  an  ingenious  device  operated 
by  an  eccentric,  a  piece  attached  to  the  gear  is  caused  to  descend  into 
one  of  these  notches,  and  while  there  locks  the  gear  and  bar  together. 
When  the  bsir  is  turned  so  that  the  piece  occupies  a  different  notch,  the 
tool  is  in  position  for  cutting  another  groove. 

This  apparatus  has  not  as  yet  been  used. 

THE  WINDING  MACHINE. 

(Plate  II.) 

In  the  patented  invention  of  Dr.  W.  B.  Woodbridge,  the  base  A, 

Plate  II,  is  a  large  casting  bolted  to  the  carriage  of  the  lathe.    Besting 

on  this  is  the  cast-iron  frame  B,  to  which  are  attached  the  parts  of  the 

•machine.    The  machine  is  double,  winding  two  wires  at  a  time;  the 

parts  on  each  side  of  the  frame  are  exactly  alike. 

The  wire  is  carried  on  reels.  They  are  mounted  on  a  truck  which  is 
connected  with  the  carriage  of  the  lathe,  and  runs  on  the  railroad  track 
through  the  center  of  the  building. 

From  the  reel  the  wire  runs  to  the  guide-rolls  a.  These  are  small  re- 
volving wheels  of  steel,  with  triangular  grooves  in  their  x>crimeter8,  so 
that  the  two  together  lit  the  square  wire.  They  are  movable^  and  by 
an  eccentric  their  distance  apart  can  be  regulated  so  as  to  accommodate 
wire  of  different  sizes.  They  are  so  placed  that  the  wire  passing  from 
between  them  enters  straight  between  the  initial  friction-clamps  b. 

The  lower  clamp  is  fixed,  the  upf)er  one  is  pressed  down  upon  the 
wire  by  a  screw,  c,  acting  through  the  medium  of  the  spring  d  and  the 
bar  e.  The  upper  clamp  is  kept  from  sliding  along  on  the  wire  by  the 
small  projecting  piece  p.  Strips  of  boxwood  between  the  clamps  form 
the  surfaces  between  which  the  wire  slides.  These  strips  again  rest  apon 
strips  of  rubber,  so  iis  to  secure  a  perfectly  even  bearing. 

From  the  friction-clamps  the  wire  passes  around  the  disc/,  the  num- 
ber of  turns  about  the  disc  depending  upon  the  degree  of  tension  de- 
sired. For  41,000  ])ounds  per  square  inch,  the  tension  employed  in 
winding  the  gun,  three  turns  were  required.  The  tension  pn^uced  by 
the  initial  friction-clamps  is  greatly  increased  by  the  wire  thus  sliding 
around  the  disc. 

From  the  disc  the  wire  passes  over  the  rolls  h  to  the  gun,  which  is 
rotated  in  the  lathe. 

The  disc  /  is  pivoted  at  </,  but  is  restrained  from  rotating  by  the  jointed 
bar  i.  This  bar  terminates  in  a  disc,  k^  perforated  for  the  free  passage 
of  the  screw  Z,  and  engages  over  the  point  of  one  of  the  weighing  springs 
m.  The  other  point  of  the  weighing  springs  is  retained  by  the  piece  », 
fjustened  to  the  screw  /,  which  in  turn  is  held  by  the  nut  o,  resting  against 
the  frame  B. 
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Suppose  the  gun  to  be  started  revolviiij^,  tlioiv being  any  pressuivou 
the  wire  between  the  tViction-elamps  h.  The  whole  system  of  clamps 
and  disc  moves  forward,  carrying  the  movable  point  of  the  veighinf: 
springs  at  A;  towards  the  fixed  ))oiut  at  ft,  until  an  equilibrium  is  pro- 
duced by  the  tension  of  the  weighing  springs  becoming  equal  to  the 
tension  with  which  the  wire  is  passing" to  the  gun,  when  the  wire  con- 
tinues to  slide  without  further  motion  of  the  system.  The  degree  of 
tension  is  indicated  by  the  scale  attached  to  the  fixed  piece  fij  the  pointer 
being  attached  to  the  bar  t.  The  scale  has  been  graduated  empirically 
by  means  of  weights.  Suppose  now,  that,  from  some  irregularly  actinj; 
cause,  the  tension  with  which  the  wire  is  going  to  the  gun  is  increased, 
the  system  moves  forward,  further  compressing  the  weighing  springs, 
the  disc/ rotates  about  the  point  g.  the  point  r  rises,  carrying  the  tei 
»,  which  through  the  nut  t  raises  the  bar  c,  relieving  the  pressure  of  the 
friction-clamps  b  upon  the  wire.  The  machine  is  thus  to  a  certain  extent 
self-regulating. 

The  rolls  h  are  set  at  such  a  height  that  the  wii'es  in  passing  over 
them  are  given  a  proper  permanent  bend,  to  conform  to  the  cnrvatare 
which  they  are  to  assume  on  the  gun.  The  upper  roll  is  so  mounted  M 
to  be  movable  to  the  right  or  left.  The  wire  passing  over  it  is  in  ad- 
vance, whether  the  winding  is  progressing  from  right  to  left  or  riee 
versa.  Thus  both  wires  are  wound  up  to  the  shoulder  on  the  gun,  and 
the  triangular  spaces  <it  the  ends  of  each  layer  are  decreased.  These 
spaces  are  filled  with  tapered  wires. 

The  clamps  C  are  for  the  purpose  of  holding  the  wires  when,  for  any 
reason,  the  hold  of  the  friction-clamps  b  is  released. 

The  boxwood  strips  in  the  friction -el  amps  are,  before  being  finished, 
thoroughly  soaked  in  melted  beeswax. 

About  the  disc /is  placed  a  strip  of  manila  paper,  to  form  a  surface 
for  the  wire  to  slide  upon.  This  paper  is  prepared  b.y  thorough  soak- 
ing in  melted  beeswax,  and  subsequent  careful  draining. 

Mounted  on  the  traveling  carriage,  on  the  Ojiposite  side  of  the  gun 
from  the  winding  machine,  is  a  tool  post  Irom  which  a  bar  extends  over 
the  gun,  carrying  on  its  end  a  roll  for  keeping  the  wire,  as  it  is  laid  on, 
pressed  laterally  against  that  previously  wound. 

This  ma(;hine  does  not  fulfill  the  (conditions  requisite  in  a  good  wind- 
ing machine.  Its  accuracy  cannot  be  relied  upon  as  being  within  a  less 
limit  of  error  than  15  pounds.  This  although  not  important  with  wire 
of  the  size  used,  might  l>ecome  so  with  smaller  wire.  But  the  great 
objection  is  the  slowness  with  which  It  requires  the  wire  to  be  laid  on. 
The  rate  of  the  moving  wire  cannot  much  exceed  10  feet  i>er  minute, 
and  even  at  this  rate  the  progress  of  winding  is  subject  to  frequent  in- 
terruptions and  delays.  The  paper  surrounding  the  disc  wears  rapidly, 
and  when  it  is  not  in  proper  condition  the  wire  moves  with  a  .jeiky, 
irregular  motion  which  soon  becomes  so  violent  as  to  endanger  tiie  ma- 
chine and  to  necessitate  stopping  to  change  the  paper. 

Various  substances  have  been  tried  as  substitutes  for  the  paper,  hot 
none  decrease  the  evil  of  violent  vibration,  and  only  one — a  presa  pa- 
per— ^has  an  appreciably  greater  durability  than  the  manila  paper.  The 
press  paper  is  now  being  used  and  probably  will  be  in  the  future. 

The  difliculty  mentioned  increases  with  the  speed  and  with  the  ten- 
sion of  application,  and  it  is  doubtful  whether  the  miU'.hinein  its  ]>resent 
state  will  answer  for  the  high  tensions  required  for  other  guns. 

The  operator  hius  to  sit  with  his  hand  constantly  on  the  regulating- 
screws. 
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It  would  be  desirable  in  winding  cylinders  of  greater  diameter  than 
about  25  inches  to  wind  more  than  two  wires  at  a  time.  This  might 
perhaps  be  eifected  with  a  machine  similar  in  pnnciple  to  the  present 
one. 

The  capacity  of  the  wire-carrying  reels  is  too  small ;  they  might  easily 
carry  double  the  amount  of  wire,  which  would  necessitate  stopping  to 
change  them  only  half  as  often. 

A  great  advantage  claimed  for  wire  guns  over  those  built  up  by  shrink- 
age is  economy  of  construction.  If  this  feature  is  to  be  realized,  a  new 
machine  will  have  to  be  procured  or  the  present  one  so  modified  as  to 
lay  on  the  wire  with  much  greater  rapidity  than  is  now  attainable.  The 
average  progress  has  been  the  application  of  about  one-half  of  a  layer 
per  day.  Nothing  less  than  five  times  this  rate  should  be  considered 
satisfactory. 

PART  III. 
THE  MATERIALS. 

The  contract  for  the  body  was  made  on  September  24,  1883.  It  was 
cast  on  March  14,  1884,  and  inspected  on  August  29  of  the  same  year. 

The  casting  was  made  breech  downward,  with  an  excess  in  length  of 
about  15  inches,  to  be  cut  off  for  experimental  purposes.  (Appendix 
23,  Ke])ort  of  the  Chief  of  Ordnance  for  1885.) 

The  mean  tensile  strength  is  32,000  pounds  per  square  inch  and  the 
specific  gravity  7.28.  Records  of  tensile  and  compressive  tests  are  ap- 
pended, marked  respectively  B  and  C. 

An  experiment  with  the  cylinder  cut  from  the  breech  end  showed  the 
bore  of  the  powder-chamber  to  be  under  initial  compression,  due  to  the 
cooling  of  the  casting,  of  about  4,200  pounds  per  square  inch ;  the  ex- 
terior to  be  under  compression  of  ^about  306  pounds  per  square  inch, 
and  the  circle  of  diameter  2Q  inches,  to  be  under  extension  of  about 
IjSOO  pounds  per  square  inch. 

The  metal  seemed  to  possess  the  usual  qualities  of  good  gun-iron. 

• 

THE  WIRE 

Was  drawn  from  o])en-hearth  steel  billets,  2  inches  square  and  weigh- 
ing about  80  pounds  each.  It  is  of  square  cross-section,  .15  of  an  inch 
on  a  side,  with  the  corners  rounded  to  a  radius  of  .01  of  an  inch. 

Contract  for  the  steel  billets  was  made  with  the  Otis  Iron  and  Steel 
Company  on  December  18,  1883.  The  metal  of  the  billets  was  to  have 
a  tenacity  of  not  less  than  70,000  pounds  per  square  inch,  with  an  ulti- 
mate elongation  of  30  per  cent,  and  contraction  of  area  of  60  per  cent. 
When  drawn  into  wire  it  was  expected  to  have  a  tenacity  of  160,000 
pounds,  an  elastic  limit  of  100,000  pounds,  and  sufficient  ductility  to  en- 
able it  to  be  wrapped  about  itself. 

Contract  for  drawing  the  billets  into  wire  was  made  with  the  Trenton 
Iron  Company  on  June  30,  1884.  The  drawing  was  to  have  been  com- 
pleted six  months  after  the  deliver}^  of  the  billets,  which  was  made  on 
September  18,  1884,  but  the  time  was  extended  until  September  20, 
1885. 

Reports  of  Lieut.  William  M.  Medcalfe,  Ordnance  Department,  from 
which  the  above  information  was  obtained,  describing  the  process  of 
manufacture  of  the  billets  and  drawing  into  wire,  may  be  found  in  the 
reports  of  the  Chief  of  Ordnance  for  1884-'85. 

The  specific  gravity  of  the  tinned  wire  is  about  7.81. 
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The  wire  is  defective  in  the  quality  of  ductility,  but  this  defect  has 
not  interfered  with  its  application  to  the  ^un.  The  latter  operation  has, 
however,  been  much  retarded  by  the  occurrence  of  numerous  local  de- 
fects in  the  wire  which  cause  it  to  break  with  a  peculiar  fracture,  one 
side  terminating  in  a  loug  conical  point  which  is  often  discolored,  as 
with  rust,  indicating  that  the  metal  was  not  continuous.  Sometimes 
the  presence  of  such  a  Haw  is  indicated  by  a  crack  at  the  corner  of  the 
wire.  In  certain  cases  the  wire  showeil  not  more  than  one  third  of  its 
section  to  be  of  good  metal. 

The  wire  is  not  by  any  means  such  as  should  in  the  future  be  used  in 
gun  construction. 

THE  RINGfi. 

Rings  A,  C,  (trunnion  ring),  and  F  were  procured  from  Sir  Joseph 
Whitworth;  the  sleeve  casting  D  and  ring  0  from  the  Midvale  Steel 
Company. 

These  pieces  are  all  good,  ami  undoubtedly  possess  greater  strength 
than  is  required  of  them  in  the  positions  which  they  occupy. 

The  breech  block,  spindle,  and  lever  forgings,  were  from  the  Midvale 
Steel  Company. 

PART  IV. 

THE  TENSIONS,  SHRINKAGES,   AND    OTHER  THEORETICAL    CONSIDER- 

ATIONS. 

The  wire  was  laid  on  with  uniform  tension.  The  result  is  not  a  uni- 
form extension  of  tlie  wire  under  fire,  but,  owing  to  the  relatively  great 
thickness  of  the  wire  jacket,  the  greatest  strain  to  which  the  wire  is  sub- 
jected is  considerably  within  its  elastic  limit.  The  uniform  tension  is 
chosen  because  it  is  admissible  and  most  convenient.  The  wire  being 
wound  so  as  to  produce  a  given  pressure  upon  the  core,  all  eftects  upon 
the  core  are  indei>endent  of  the  style  of  tension  employed. 

THE  FORMXTLAS  USED. 

The  formulas  appertaining  to  the  effects  of  the  wire  and  which  refer 
to  the  state  of  rest  have  been  given  in  the  report  upon  the  experimental 
cylinder  assembled  preparatory  to  the  construction  of  this  gun. 

Most  of  those  formulas  are  to  be  found  in  the  work  by  Mr.  James  A. 
Ix)ngridge,  entitled  "  A  Treatise  on  the  Application  of  Wire  to  the  Con- 
struction of  Onlnance."  The  deductions  are,  however,  different  fh>m| 
and,  it  is  hoped,  clearer  than  those  given  in  the  above-mentioned  work. 

The  following  are,  as  far  as  known  to  the  writer,  original  with  him: 

Formula  for  extension  of  wire  W4)uiid  with  uniform  tension. 

Formula  for  pressure  produced  by  winding  with  uniform  tension  on 
a  core  composeil  of  two  concentric  cvliiulers  of  different  moduli  of  elM- 
ticity. 

We  will  adopt  the  following  nomenchiture : 

Ro)  Bi9  I^t  &c.  =  Eadii  of  cylindrical  surfaces  proceeding  fW>m  the 
lK)re  outward. 

P,»,  P„  Pa,  &c.  =  Pressures  at  these  surfaces  under  fire. 

P„S  PiS  PjS  &c.  =  Tli«»  same  at  rest. 

Po9  Pi)  1>29  ^^--  =  ^l^li^'  cliangt's  of  ])ivssnre  at.  thes4^  surfaces  due  to 
firing. 
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^0,  6^1,  ^2,  &c.=Limits  of  elasticity  of  the  metal  of  the  successive  cyl- 
inders under  extension. 

Poj  Pi,  pzi  &c.=The  same  under  compression. 

Ti,  T2.=The  constant  tension  of  winding. 

eoj  fi,  ^2,  &c.=The  moduli  of  elasticity  of  the  different  cylinders. 

The  formula  giving  the  relation  between  the  tension  of  winding  and 
the  normal  pressure  produced  by  it  upon  the  core  is — 

in  which 

For  the  tangential  extension  of  the  wire  at  rest 

in  which  r  is  any  radius  in  the  wire  cylinder. 
For  the  rate  of  radial  extension  in  the  wire  at  rest 

djr^r,  J  M^+i)^,+(/^-i) 

In  order  to  produce  the  desired  compression  of  the  bore,  the  wire  in 
the  shallow  depression  under  the  trunnion  ring  was  wound  with  a  uni- 
form tension  different  from  that  under  which  the  remainder  of  the  wire 
was  applied.  The  wire  wound  over  that  in  this  depressed  portion  was 
then  applied  to  a  compound  cylinder  composed  of  two  concentric  cylin- 
ders, the  inner  one  of  cast  iron  and  the  outer  one  of  steel. 

The  formula  for  the  normal  pressure  produced,  not  having  been  pre 
viously  established  will  now  be  deduced. 

Suppose  the  wire  to  be  wound  Tipon  the  compound  cylinder  to  a  radius 
r,  producing  at  the  surfaces  of  rudii  Ei  and  R2  pressures  denoted  by  ip\ 
and  //'2,  then  to  be  continued  to  any  other  radius  r*,  the  pressures  be- 
coming i/'i^  and  tf'2\  with  a  pressure  at  r,  produced  by  the  additional 
winding,  which  denote  by  //>. 

*  I  denotes  the  Napierian  logarithm. 
93:U   OR 24 
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The  changes  at  Bi  and  Bs  are  ^i^— ^i  and  ^V— ^*2«  respectively.    ^/-^ 
^*i  produces  in  Bi  a  change  per  unit  of  length  eqoal  to — 

(4B»o+2BS)(^V-^i) 
(E,«-Bo«)£, 

(Eq.  23^  Notes  on  Gonstmctiou  of  Ordnance,  No.  35.) 
^"\^^\  and^t^— ^*3  produce  in  Bi  a  change  per  omt-of  length  equal 
to— 

(4R,^+2B^«)(^-i^-^-x)-6B2^(^V-^>) 
(K,*-B,2)ei 

(Eq.  9  of  same  note.) 

These  changes  are  equal  since  the  surfaces  remain  in  eoDtact,  there- 
fore— 

(4Bo«+2Bi»)(^-/-y-i)     (4R2«+2Bi«)(^V^^-i)-6B2'(^V~^) 

(B,2-K'd)€o         ~  (B,»-Bi»)ei  ^ 

Equating  similarly  the  expressions  for  the  relative  change  in  Bf    (Eq. 
21  of  same  note.) 

4Bi»(^/-^^i)-(4Bi»+2R2')(^V-^-2)     (4r'+2B,»)(^^-^)^6yVr   , 

solving  (1)  with  respect  to  ^Z — tf^, 
.  ,     . 6fo(R,^-Ko^)lV(./V-^-2)  .,..     .  ., 

V'-l  -^l~ej(Rj2_Rj»)(4R^2+»>Hj2)_^^(|^^2_Ko=)(4E2»+2Bi»)-"^*^~W« 

substituting  this  in  (2),  solvinjr  with  rospect  to  ^'2^ — y-2  and  reducing^ 

^      ^'     [(4Ri»+15K*2^()ARr)^2+4(ir2-K^)fi]r^ 

-  [  (4B  ,2+ oRj^)  1 V-  6  AEi2R,»]f,+ 2(B,*-Bi«)B,»«i 

6(R22— Bi2)fiH</r  . 


"       Br»+DRo« 
if  T  is  the  mean  tension  of  the  wire  between  r  and  r*. 


(W— r)r  and 

^'r= ;; 


Aubstituting  this  value  of  tp^  in  (4)  and  dividing  by  {f^^) 

^V-^-2_6(R2^^Ri»)firT 
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Passing  to  the  limit  of  both  members  of  (5)  byanwinding  the  wire 
uutil  r'  becomes  equal  to  r. 


^(^i^^^.r 


/C(lV-Ri^)£^rr\  6(B2^-Bi»)eiy<r, 

•"V     Br^+DH2»    Jv^r-^      Bf^^^iE?' 


hence 


dr  -      Br^+DRj* 

6(R2«-Ri2)e,T8rdr 


dip2= 


Bf^+DR^ 


integrating 


when  r=R2,  ^'2=0;  hence 


C=-^(^'-^-')^'-^(B+D)B.« 


substituting 


3(R,^-Ri»)T3,BBV+DBt' 
^2-  B  ^    (B+D)B%  ^ 


making  in  (6),  r=R3 

Ba* 

in  which 

D=2(R32-Ri2)c,-f(4Bi«+2B2*)-6AB']fii 

B  =  (4Bi2+2R2*-6ARi«)ea+(4Et22-Ri2)e, 

, 6eo(R3^-Ro»)R,» 

ei(R22-Ri2)(4Ro2+2Ri2)+eo(Ri2-Ro»)(4Ra»+2B,») 

Ri^-Bo^    B,« 
^-B,2-Bo*    B,« 

If  €2=ei, 

B=6(R2«-ARi»)  D=6B,»(A-l) 


-872 
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li'oriiialas  A,  B,  0,  aud  D,  are  the  oaly  onmi  rulerrittg  partioufarl}-  to 
tbu  effect  of  the  winding  which  we  shall  need.  By  their  aid  and  thit 
-of  the  ^neral  formnlas  relating  to  bnilC  ap  gana,  as  modifled  by  Lient. 
Bogera  Biniie,  jr.,  Ordnance  BepartmentC  and  uhicb  may  be  fonnd  m 
Kotea  on  the  Gonstrnction  of  Ordnance  So.  35,  we  ^ail  be  enabled  to 
aolve  all  the  problems  relating  to  preasores  and  resistances,  vhiob  will 
be  oouaidered. 

Tbe  different  sections  of  the  fgaa  give  the  following  valaes  for  the  oon- 
stanta : 

TABtK  l.—Vttl»etofeoiiMtaKt». 
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M 

B. 

B,       '       1. 

8.78          1 

14.M 

Si 
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In  the  report  upon  tbe  trial  cylinder  may  be  found  diagnuna  f 
8tructe<l  from  the  resulm  of  the  testa  of  the  cast  iron,  whi^  indif 
the  valnes  for  the  limits  aud  modnlaa  of  elasticity  of  that  met^ 

The  value  for  the  modulus  of  elasticity  of  the  Bt4>el  wii«  was  obtaiiwd 
by  sabtracting  from  each  aaccessive  elongation  |>er  inch  the  oorrespond- 
ing  permanent  aet  for  all  loada  from  20,000  to  40,000  ponnds  pur  uum 
inch,  and  dividing  1,000  by  the  mean  of  them.     (See  Appen^x  Aj 

Its  limit  of  elasticity  ia  placed  at  100,000  ponnda,  and  for  that  pvt 
of  tbe  n-ire  which  ia  free  trom  flawa  this  is  not  too  high,  but  as  stated 
iu  describing  the  materials,  it  is  so  ^11  of  defects  that  no  proper  tiIm 
can  be  assigned  to  this  limit.  The  expression  for  it  does  not  entvflM 
tbrmnlas  used.  Tbe  wire  is  considered  strung  enough  to  withstand  ttH 
greatest  strain  put  upon  it,  which  it  wUl  be  seen  is  considerably  Imi 
than  100,000  pounds.  Bat  all  that  can  wito  certainty  be  said  of  ft  ii 
that  it  will  not  part  until  the  strain  exceeds  41,000  pounds,  tJbe  ian^oa 
of  winding. 

The  steel  rings  perform  only  a  subsidiary  part  in  the  resistaoesof 
tbe  gun,  and  the  values  of  their  limits  of  elasticity  are  selected  as  boisf 
within  tbeir  known  strength.  They  are  not  worked  ap  to  tbeas  limits- 
Tbe  modulus,  30,000,000.  taken  for  them  all  is  sufficiently  ezMt  tn  oar 
purposes. 
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THE   SECTION  OYER  THE  POWDER  CHAMBER. 

The  tension  first  selected  by  Dr.  Woodbridge  for  winding  this  section 
was  45,000  pounds  per  square  inch.  But  this  was  almost  immediately 
modified  to  41,000  pounds.  The  change  being  made  for  the  reason  that 
small  thermometers  applied  to  the  wire  indicated  that  the  friction  in 
passing  through  the  winding  machine  elevated  its  temperature  so  as 
to  produce  an  elongation  equal  to  that  due  to  a  load  of  4,000  pounds 
per  square  inch. 

The  following  computations  are  made  with  tne  tension  of  application 
considered  41,^0  pounds  per  square  inch.  Owing  to  the  wire  being 
applied  to  a  cold  surface,  to  the  frequent  stopping  giving  it  opportunity 
to  cool,  and  for  other  reasons,  the  writer  does  not  believe  that  elevation 
of  temperature  produced  an  ascertainable  effect  on  the  tensions. 

In  formula  (A),  the  terms  have  the  following  values, 

Ti =41000  pounds.     /?=1.7946.     n«= 1.8754. 
substituting  these  we  find 

Pi»=11720  pouuds. 

In  order  to  ascertain  the  effect  of  this  pressure  upon  the  core  we  will 
use  the  formulas,  taken  from  Notes  on  the  Construction  of  Ordnance 
No.  35. 

Jr  _  2  (Pq  Bo»-Pi  Ri^)  .  4  Bi^  Rp^  (Pq—  PQ      1  „ 

r    ~      3(R,*Ro*)fo     "^     3  (R,^-Ko*)fo  -  •  ^  "     •     •     •  ■^• 

djr  _2  (Po  Ro*-P|JR^)  _  4  R,«_R^(Po-PO     1  p 

dr    -       3(K,»Ko^)fo    ",  3"(R,««Ko»)fo      *   r^  '     '     *       * 


dJh^ _ __ 2  ( Po  Ho^^ -P,  R^^) 
dh   "        '3  (R?^  Ko')  '^0 


G. 


The  first  member  of  E  represents  the  relative  tangential  distortion  at 
any  distJince  r  from  the  axis.  The  first  member  of  F  the  rate  of  radial 
distortion  at  the  same  distance  from  the  axis,  and  the  first  member  of 
G  the  relative  distortion  in  a  direction  parallel  to  the  axis,  which  is  uni- 
form throughout  the  thickness. 

Making,  in  E  and  F,  P=0 

Jr  I    2P,i  W  f   ,_^-'Ro'\  TT 


dAr 
dr 


1   2  P,^  K,^      /  2IVX  ^ 

-    .0  3  (IV IV)  V         ''  / 


Substituting  successively  Ro  and  Ri  for  r  in  II  and  K,  together  with  the 
value  P/=11720,  we  find 

J  Ro  =  -  "  .0081514.    ^^  =  "  .0015025.     i^  f o  =  -  ^^7046  lbs. 

^fo=  11420  lbs.     ^^l^fo=+9015  lbs.    J^^  £o=-66111b8. 
Ri  U'Ko  ^  Ri 
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That  is  that  the  radius  of  the  bore  is  contracted  ''.00S1514,  or  '^0015025 
per  inch  of  its  lenp^th.  That  this  contraction  represents  a  tangential 
compressive  strain  at  the  surface  of  the  bore  of  27,046  pounds  per  square 
inch,  and  at  the  exterior  surface  of  the  core  of  11,420  pounds  per  square 
inch. 

That  the  rate  of  radial  distortion  at  the  bore  is  a  rate  of  elongation, 
and  is  equal  to  9,015  pounds  per  square  inch,  and  at  the  exterior  sarfiice 
of  the  core  is  a  rate  of  compression  equal  to  6,611  pounds  per  square  inch. 
The  effect  of  the  external  pressure  upon  the  core  at  rest  is  then  repre- 
sented by  the  curves  below. 


1 
1 

^ 

ST.  i* 
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<            comt            > 
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1 
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'^coilm^o 

To  these  effects  must  be  added  those  due  to  the  initial  tension  pro- 
duced by  the  cooling  of  the  casting.  The  tangential  compression  at 
the  bore  from  this  cause  is  4,200  ])ounds.  (Report  on  trial  cylinder.)  The 
rate  of  radial  elongation  should  be  one-third  of  this  or  1,400  pounds. 
Adding  these  to  the  above  figures  for  the  bore  they  become  31,246 
pounds,  and  10,415  pounds  respectively.  The  bore  being  the  dangerous 
surface,  we  need  not  now  concern  ourselves  with  the  strains  at  other 
places. 
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THE  STRAINS  UNDER  FIRE. 

We  will  proceed  under  the  supposition  that  the  wire  will  withstand 
any  powder  pressure  which  is  within  the  limit  of  endurance  of  the  cast- 
iron. 

From  the  last  of  Eq.  33.  Notes  on  the  Construction  of  Ordnance  No. 
35,  we  have,  denoting  the  coefficient  of  P„  by  L 

„^ 6Ro«  f|  (B2'-Ri') p 

=  /Po 

From  Eq.  30  of  same  note 

pd)-    3(R^»-^Bo^)go-^6Bl«P^  ^ 

T>(2)-3(R,»-RoVo+2Ri»Pi  ^ 

^  4Ri»+2Ro2 

Pi  is  equal  to  P/+i?.  Making  this  substitution  and  combining  L  with 
M  and  N  we  deduce 

T>(i)^3(Ri^-Ro^)^o-h6Ri^Pi^  Q 

'  (4Ri2+2Ro»)-6Ri«i 

p  ,2,^  3(Ri^~Ro^)A.-f2Ri»Pi^  p 

^0  (4R,*-2Ro2)-2Ri»^ 

i=(2.9581929)» 

Po^i  =29,376  pounds. 
Po^») =22,997  pounds. 

Of  the  above  values  that  of  Pq^^^  being  the  smaller  should  be  taken. 

But  let  us  see  if  we  cannot  obtain  admissible  values  for  Po,  which 
shall  be  greater  than  these  rather  unsatisfactory  ones. 

In  O  and  P  the  values  taken  for  Oq  and  po  were  respectively  15,000 
pounds  and  22,400  pounds.  Thus  no  account  has  been  made  of  the 
initial  compression  of  the  casting  due  to  cooling.  This,  as  we  have 
seen,  places  the  bore  in  an  initial  state  of  tangential  compression,  rep- 
resented by  4,200  pounds  per  square  inch,  and  of  radial  elongation  of 
1,400  pounds  per  square  inch.  These  numbers  may  then  be  added  to 
6^0  and  Po,  making  them  respectively  19,200  and  23,800.  With  these 
changes  we  find 

P,,(»)==  32,310  pounds. 

Po<»>  =  24,023  pounds. 

*The  flgares  inclosed  in  brackets  denote  the  logarithms  of  the  corresponding  num- 
bers. 
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The  valae  of  Po^'^  is  still  small,  bat  we  mast  be  content  with  it  as  tke 
greatest  which  the  theory  of  Olavarino  will  admit. 

There  are  not  wanting  those  who  still  oppose  Olavarino  and  anst 
that  under  fire  the  tensile  stress  is  all  that  need  be  kept  within  the 
limit  of  elasticity.  The  tensile  stress  at  the  bore  prodnced  by  P«^  abore 
is  given  by  the  formala 

l/p,^o\ -23800 

from  which  to= — 669  pounds,  which  is  actually  a  compressive  streas. 

To  determine  the  value  of  Pq,  which  will  bring  the  tensile  atreasat 
the  inner  surface  up  to  19,200  pounds,  we  have  from  Yirgile 


Po(B,«+Bo')-2P,B,' 


'0 


from  which  making  P,=P,'+iPo 

The  tangential  extension  at  the  bore  prodnced  by  P,s34623  is  ghran 
by 

^^e,=t,+^'=^S3S  ponnds. 

Pi=IFq=21S2  pounds. 

Pi = P,^  +Pi = 13902  pounds. 

Making,  in  E  and  F,  r=Ri 
we  have 

JKi__6PoV-(4R^g-4-2Bi«)P,  ^ 

d  JRi  _     2Paio^~  (4Kog-2Bi»)Pi  ^ 

Substituting  the  proper  values  in  these  we  find 

-p--fo=— 6496  pounds. 

^J^»fo=-7227  i)ounds. 

There  are  represented  on  the  figure  three  sets  of  corvea.    The  fliafe 
set  represent  the  radial  and  tangential  strains,  neglecting  thoae  dM  to 
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the  initial  strains  in  the  casting.  The  second  set,  thost?  doe  to  the  lat- 
ter strains  only  (Report  on  trial  cyl.)9  and  tlie  third  set  which  are  combi- 
nations of  the  first  two 


^^.2, 


"Scale  /^Q 


those  dne  to  both  causes,  or  the  final  state  of  the  core  under  fire.  The 
method  of  constrncting  the  curve  of  initial  radial  strain  needs  a  word 
of  explanation.  The  curve  of  initial  tangential  strain  was  obtained  by 
experiment.  Equations  E  and  F  show  the  curves  of  radial  and  tan- 
gential strains  to  be  symmetrical  with  respect  to  a  right  line  parallel 
to  the  axis  r  and  distant  from  it 

2(PoRo*-P,Ri«) 


3(R,^— Ro*)  fo 


Equations  H  •  and  K  show  that  when  Pq  =  o  and  r  =  Ro  the  radial 
strain  is  of  the  opposite  character  from  the  tangential,  and  one-third  of 
it  in  amount.  By  these  two  principles,  the  curve  of  tangential  strains 
being  given,  that  of  radial  strains  is  easily  laid  out. 


STRAINS  IN  THE  WIRE. 


Resuming  formula  (B)  and  making  in  it  r  =  Ri  we  deduce  for  the 
strain  of  extension  of  the  wire  at  the  inner  surface  at  rest, 

A  R. 

-^  f,  =  23873  pounds. 
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At  the  oater  sarface  it  is,  of  coarse,  41,000  pounds  the  tensioii  of  wind- 
ing.  Under  fire  jpi=2,182  pounds.  Snbstitating  in  (E)  the  letters  eoire- 
sponding  to  the  second  or  wire  cylinders,  then  making  PfsO  and  rsBi 
we  have 


from  which 


similarly 


^  R. 

-^—  Ex  (due  to  Po)=7S94:  pounds 


-TV— fi(due  to  1\)= jiVzTP='*9^  pounds. 


The  lines  representing?  all  these  stniiiis  are  shown  on  Pig,  2.  The  carve 
of  extensions  at  rest,  that  produced  from  the  increase  of  pressure  from 
firing  and  finally  the  one  whose  ordinates  are  the  sums  of  those  of  tiie 
first  two,  showing  the  state  of  extension  of  the  wire  under  fire. 

This  completes  the  theoretical  discussion  of  the  tangential  resiatanoe 
of  the  section  through  the  powder-chamber,  under  the  supposition  that 
the  powder  pressure  shall  not  exceed  24,023  pounds. 

But  of  course  it  is  intended  to  subject  the  gun  to  much  higher  press- 
ures than  this;  it  would  otherwise  be  of  little  use  as  a  modern  weapooy 
and  we  will  determine  the  elastic  strains  of  the  core  and  coil  ander  a 
powder  pressure  of  32,000  pounds  per  square  inch,  or  what  would  be 
the  strains  if  the  elastic  limit  were  not  exceeded  by  this  pressare. 

7>,  =L>lHMi  iMmnds. 

P,  =  l>j»  +;>,  =  14(520  pounds. 

J  Ro      _  (4R,^-f2Ro^)Po  — 6Ri«Pt 
IT^'"  3(1V— Ro*) 

=  18737  pounds. 
JRi 


Ri 


fo  =  —  4407  pounds. 


a  ^  Ra  *>^««.y»  « 

-TO—  f  0  =  —  34696  pounds. 
^v>    fo  =  —  11532  pounds. 


For  the  wire — 


JRi 
TV—  fi  (due  to  Po)  =  10515  pounds. 

JR« 

-jr-  B\  (due  to  Po)^  6.r40  ]>ounds. 
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All  of  which  is  represented  graphically  in  Fig.  3. 
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Fig.  3. 


THE   SECTION   IMMEDIATELY  IN  REAR  OF  THE   TRUNNION-BAND. 

It  was  desired  to  have  the  tangential  compressive  strain  at  the  borei 
due  to  the  initial  pressure,  maintain  as  far  forward  as  the  front  edge  of 
the  trunnion-band  the  value  which  it  has  in  the  powder-chamber. 

With  regard  to  the  section  immediately  in  rear  of  the  trunnion-band, 
the  new  problem  presented  for  solution  is  to  determine  the  tension  with 
which  the  wire  in  the  depressed  portion  should  be  wound  in  order  that 
the  pressure,  together  with  that  of  the  wire  wound  over  it  at  the  tension 
of  41,000  j)ounds,  should  produce  the  tangential  compression  desired. 

The  section  will  be  considered  as  composed  of  three  rings,  an  inner 
one  of  cast  iron  8.9G  inches  thick,  a  middle  one  of  steel  .9  inch  thick, 
and  an  outer  one  of  steel  5.49  inches  thick. 

The  required  compressive  strain  at  the  bore  is  (Fig.  1)  27,046  pounds. 
The  normal  pressure  on  the  core  required  to  produce  this  is  (Eq.  H) 
11,866  pounds. 
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The  pressure  produced  by  the  wire  of  the  exterior  cylinder  wound 
under  a  tension  of  41,000  pounds  upon  the  compound  cylinder  of  Rteel 
and  cast  iron  beneath  it  is  (Eq.  D) 

P2^=11911  pounds. 

The  transmitted  pressure  from  this  to  the  exterior  surfiEu^  of  the  core 
denoted  byjpi*  results  from 

(Eq.  39a,  note  35) 

and  is  equal  to  11395  pounds. 

The  pressure  to  l>e  supplied  by  the  inner  wire  cylinder,  denoted  by 
^1^  is  then 

^',^=P,^— />i^=171  pounds. 

The  tension  of  winding  re<iuired  to  produce  this  pressure  is 

(Eq.  A)  Ti=7715  pounds 

which  represents  174  pounds  on  the  wire. 
The  tangential  compressive  strain  on  the  exterior  of  the  core  is 

J  R, 
(Eq.  Q)  g-^fo=— 11403  pounds. 

The  radial  strains  are 

^' ^5?==9015  pounds. 

^A^'= -^28  pounds. 
a  Ki 

For  the  purpose  of  determining  the  strains  due  to  firing  it  is  simplest  to 
consider  the  two  wire  cylinders,  since  they  have  the  SHme  modulus  of 
elasticity,  as  one  cylinder. 
The  formula  for  p^  then  becomes 

6Ro^f,(R3^— R,»       

l'i-^,(k3i^^7)(4Ro»+2Ri^)+£o(Ri'-Ro')(4lt3*+aKiT* 

=lPo 

1=(L>.  9860012) 

From  (O)  and  (V)  with  values  19200  and  23800  for  0^  and  p^ 

Poi'=3:U)39  pounds. 

Po<«  =24220  pounds. 
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THE  SECTION  UNDER  THE  TRUNNION-BAND. 

For  the  purpose  of  determining  the  shrinkage  of  the  trunnion-band 
this  section  will  be  considered  as  composed  of  four  concentric  rings, 
whose  radii  are  given  in  Table  1. 

The  pressure  at  the  exterior  surface  of  the  core  produced  by  the  ten- 
sion of  the  inner  wire  cylinder  is  (p.  39)  471  pounds.  That  produced  at 
the  exterior  surface  of  the  inner  wire  cylinder  by  the  tension  of  the 
outer  wire  cylinder  wound  under  41,000  pounds  is  (Eq.D^  7032  pounds, 
and  of  this  there  is  transmitted  to  the  surface  of  the  core  (Eq.  S)  6727 
pounds,  so  that  the  pressure  on  the  core  produced  by  both  the  wire  cyl- 
inders is  471 +67iJ7= 7198  pounds. 

As  before  stated  the  pressure  on  the  core  to  produce  the  desired  com- 
pression at  the  bore  must  be  11,866  pounds,  leaving  11866—7198=4668 
pounds  to  be  supplied  by  the  trunnion-band.  The  pressure  of  the  trun 
nion-band  on  the  exterior  of  the  wire  which  will  transmit  this  pressure 
to  the  core  is  obtained  from  (Eq.  S)  (considering  now  the  wire  as  1  cyl- 
inder) which  becomes 

^'  -fi  (W-iii')  (4Ro«+2Bi»)+£o  (Ri»+Ro')  (4B3«+2Ei')  ^'  ^ 

and  is  found  to  be 

P3^=5388  pounds. 

The  shrinkage  required  to  produce  this  pressure  is  given  by  the  form- 
ula (adapted  from  the  second  of  Eqs.  44',  note  35) 

(4Ri^+2B3^)  P3»  -6BiVt^  ^  (4B4^+2B3«)P3i 
^-  3(B3»-B,2)fi  "^  3(B4«-B3»)f3 

5!iolviug  which 

^>3=".00021361+''.00080725=''.00102086. 

r/>3xD3= ''.03675  taken  as  ".037. 

Tlie  actual  shrinkage  corresponded  almost  exactly  with  the  theoretical. 
The  diameter  assumed  by  the  wound  wire  required  the  turned  diam- 
eter to  be  35".87,  and  the  bored  one  to  be  35.''833.  The  state  of  the 
core  at  rest  is  of  course  the  same  as  in  the  preceding  section.  Besum- 
iu^'  Eq.  L.  p^=IFq 

The  value  of  1  is  found  from 

ftBi^  f3  (B4'-B3«) 

f''-?{m^lW)  (4Bi2+2B32)+fi  (B3»-B»i)  (4B4»+2B3»^i 

6Bo^  £i  (B3^~Bi») _^_^ 

^^-6i(K32-R,^)(4Ro^+2R|»)+fo(Ri'-Ro')   l(4B3*+2Bi»)-6B3*f]  ^^  ^ 

a(laj)ted  from  the  set  applicable  to  three  cylinders  of  Eq.  33,  note  35, 
t  being  the  coefficient  ofpi  in  first  equation. 

j)3=(T.5916184)pi 

l>i=(I.0613067)Po 

^=(1.0613067) 

From  equations  O  and  P  we  have 

Po^i' =34050  pounds. 
Po  2  =24472  pounds. 
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SECTION  UNDER  SLEEVE. 

The  compression  of  tbe  bore  under  the  sleeve  was  designed  to  be 
three-quarters  of  that  in  the  preceding  portions,  or  20,284  pounds. 

This  compression  being  proi>ortional  to  the  exterior  pressnre  required 
for  tte  latter,  a  value  equal  to  three-fourths  of  11,866,  or  8,899  pounds. 
Of  this,  as  seen  before,  7,198  is  supplied  by  the  wire,  leaving  1,701 
pounds  to  be  transmitted  from  the  sleeve.  The  pressnre  of  the  sleeve 
on  the  wire  should  then  be  (Eq.  T) 

P3i=1963  pounds. 

The  shrinkage  of  the  sleeve  to  produce  this  pressure  is  (Bq.  U) 

9?3='^00007783+'^00076479='^00084262 

9?3XD3=^030 

The  actual  shrinkage  did  not  correspond  exactly  with  this  tbeoieti- 
cal,  but  was  .0228  inch,  equal  to  .0006  per  inch  of  diameter.  The 
pressure  being  proportional  to  the  shrinkage,  Ps^  becomes  17,602  pounds. 
The  transmitted  pressure  being  proportional  to  this  becomes  1,535 

pounds,  making  PS  8723  pounds  and -5?co— 19883. 
From  Bqs.  V  we  obtain 

i>3=(r.2964446)pi 
Pi=(7.9036570)Po 


Whence 


Po^»'  =  27681  pounds. 
Po"  =  22387  pounds. 


Section  under  thick  part  of  King  F. 

The  tangential  compression  of  the  bore  of  this  section  was  designed 
to  be  J  of  20,284  x)ouhds,  or  practically  15,000  pounds. 
For  this  compression  (Eq.  E) 

P,^=(>716 

and  for  this  pressure  (Eq.  44,  Note  35) 

_(4Bo^+2R,^)P,i       (4R22+2R,«)P,^  ™ 

^'       3(Ri-^— Ko')=-o  3(K2-*— Ki»)£,         •      •      ^' 

=".0003357r)+".00091239=.001248U 
cpi  X  D, =".0386.5  taken  as  ".039. 

The  actual  shrinkage  was 

<pi=  .00148 

making  the  actual  value  of  Pi^  7965  pounds  and  of 


jRo 


eo  — 17787  pounds. 
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From  Eq.  E 

^=(2. 7667198) 
From  O  and  P 

Po^»>=25758  pounds. 
Po<«)=21738  pounds. 

Section  under  thin  part  of  Ring  F. 

The  shrinkage  having  been  fixed  above,  the  pressure  results  from  it* 
Solving  (W) 

<P 

"3(R?=R7)?'^  3(Ra*— Ki«)fi. 

Substituting  in  this  the  actual  value  of  q). 

Pii=6926  pounds, 
and 

-^fo=13234  pounds. 

l)i=(2.7148619)  Po 
Po<i^=22399  pounds. 
Po^*) =20555  pounds. 

SECTION  UNDER  RING  G. 

There  is  no  initial  pressure  by  this  ring,  and  the  contact  is  consid- 
ered absolute.  , 

l?i= (2.9547619)  Po 
Po^^^=13685  pounds. 
Po^»>= 17545  pounds. 

SECTION  IN  FRONT  OF  RING  G. 

For  Po  (Eq.  17,  Note  35) 

^<^    -  4Ri2+2Ro  Y. 

Po=11941  pounds. 

SECIION  AT  MUZZLE. 

Prom  equation  Y 

Pos=9144  pounds. 
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SECTION  OF  BREECHBLOCK  RECESS  UNDER 

Bq.  (A)  gives  P/=11310  pounds,  aud  Eq.  (E) 

^^Vo=--'3566  pounds. 

Eq.  F.  ^j^  %=+0522  pounds. 

SECTION   OF  BREECHLOCK  RECESS  UNDER  RING  A. 

Tbe  design  was  to  have  the  tangential  compression  of  the  bore  three- 
quarters  of  its  value  under  the  wire,  or  21,423  pounds.  The  exterior 
pressure  required  was  Pi^=8482  pounds. 

By  an  exactly  similar  process  to  that  pursued  with  ring  F,  ^e^i  is  foand 
tc^  l>e  ".00157,  and  9>iXDi= ".04580. 

The  actual  value  of  (p^  was  ".00165,  making  Pr^=8910,  and 

^^fo=22G83  iwunds. 

THE  LONGITUDINAL  STRENGTH. 

The  longitudinal  strain  is  greatest  in  the  section  throagh  the  rear  end 
of  the  powder  chamber,  at  which  section  its  value  is  given  1^  Bq,  6. 
Substituting  in  that  equation  for  Po  32000,  and  for  P,  14826 

-g^f 0=7969  i)Ounds, 

which  is  well  within  the  elastic  limit  of  the  cast  iron. 

The  line  of  compression  of  the  bore  at  rest,  due  to  the  external  preee- 
nre;  that  due  to  both  the  external  pressure  and  the  initial  strain  of  the 
casting,  and  that  showing  the  elastic  strength  of  the  gun  at  thediflJBreot 
sections  are  shown  in  Plate  III.  The  initial  strain,  shown  by  experi- 
ments to  exist  in  the  powder  chamber,  is  supposed  to  extend  to  the 
muzzle. 

In  order  to  complete  this  part  of  the  subject  there  remain  to  be  shown 
the  curve  of  velocities  of  the  projectile  in  the  bore  of  the  gnn,  the  enrve 
of  powder  pressure,  and  the  strains  in  the  difterent  oylinders  nnder 
these  pressures.  These  are  reserved,  awaiting  the  completion  of  the 
gun  and  the  acquisition  of  more  definite  information  in  regard  to  the 
kind  of  powder  to  be  used  and  the  weight  of  projectile  and  oharge. 

PART  r, 

THE  PRACTICAL  OPERATIONS. 

The  ^un  and  forgiugs,  with  the  exception  of  rings  A,  F,  and  O,  wen 
received  on  November  10,  1884;  rings  A  and  F  on  Febmary  12, 188fi, 
and  ring  G  on  June  1, 1880.  The  first  invoice  of  wire  was  received  Jnne 
27,  1885.  The  time  between  that  date  and  November  1  was  oeeapM 
with  the  winding  machine  and  trial  cylinder. 

Putting  the  gun  in  the  lathe  was  commenced  on  November  10, 188B| 
which  should  be  taken  as  the  date  upon  which  work  upon  the  gan  proper 
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was  commenced,  although  previoasly  to  that  date  the  following  small 
parts  had  been  prepared :  The  rounded  filling  rings  were  finished  on 
May  5,  1885 ;  the  spool  rings  B  and  ^  on  May  15,  1885. 

Work  on  the  other  rings  and  on  the  breech  mechanism  proceeded  con- 
currently with  that  on  the  gun  proper. 

On  November  30,  1885,  was  commenced  the  work  of  finishing  the  gun 
for  the  application  of  the  wire,  and  cutting  the  thread  for  the  spool  ring 
B.  This  thread  was  cut  by  means  of  a  screw-bonnet  clamped  on  the 
gun,  the  thread  on  which  bonnet  had  been  cut  on  the  lathe  upon  which 
the  spool  ring  had  been  threaded.  A  bar  carrying  upon  one  end  a  par- 
tial nut  fitting  the  thread  of  the  screw-bonnet  and  upon  the  other  tlie 
cutting  tool,  insured  the  exact  reproduction  of  the  thread  of  the  screw- 
bonnet  upon  the  gun. 

This  work  was  completed  on  January  7, 1886. 

WINDING. 

The  fitting  up  of  the  winding  machine,  reels,  &c.,  was  completed  on 
January  16,  on  which  date  the  winding  began. 

The  wire  was  fastened  at  the  starting  end  by  drilling  a  radial  hole 
in  the  cast-iron  body,  the  diameter  of  the  hole  being  slightly  less  than 
the  diagonal  of  the  section  of  the  wire,  then  bending  the  annealed  wire 
and  driving  the  end  of  it  into  the  hole.  The  winding  was  commenced 
at  the  front  end  of  the  depressed  portion  and  was  continuous  throughout. 

The  tension  in  the  depressed  portion  being  only  7,715  pounds,  the 
action  of  the  machine  was  more  satisfactory  and  the  winding  progressed 
with  more  rapidity  than  in  the  other  portions. 

When  a  break  occurred  or  the  end  of  a  coil  was  reached,  the  wire  was 
spliced  by  scarfing  the  ends  with  a  file  for  a  length  of  about  2  inches, 
laying  a  strip  of  silver  solder  in  the  joint,  and  clasping  with  a  heavy 
pair  of  heated  tongs.  The  solder  melted  and  brazed  the  wire  together. 
In  splicing  pieces  for  filling  the  reels,  the  scarfed  surfaces  were  toothed 
before  being  brazed  together.  After  brazing  the  joint  was  swaged  by 
hammering. 

Whether  the  toothing  added  to  the  strength  of  the  joint  is  not  defi- 
nitely known ;  it  is  presumed  that  it  did.  The  heating  of  the  wire  so 
annealed  it  that  its  strength  was  reduced  to  about  75,000  pounds  per 
square  inch.  Various  measures  were  tried  to  increase  the  strength  of 
the  splice,  but  none  were  successful.  It  is,  however,  ample  for  this 
gun. 

The  winding  up  to  the  diameter  for  the  reception  of  the  trunnion  band 
and  sleeve  was  completed  on  March  18, 1886.  The  loose  ends  of  the 
wire  were  secured  by  solder  and  in  addition  the  clamp  ring  was  set  on 
tightly,  to  prevent  loss  of  tension  while  moving  the  gun  about. 

PREPARINa  THE  SURFACES  FOR  SHRINKAGE. 

The  turning  of  the  seat  for  the  trunnion  band  and  sleeve  required 
the  removal  of  about  .06  of  an  inch  on  a  side  from  the  outside  of  the 
wire,  or  about  one-third  of  its  section.  This  was  done  without  difficulty, 
leaving  a  good  surface  for  shrinking. 

P'or  turning  the  adjacent  surface  for  the  reception  of  ring  F,  the  turned 
surface  of  the  wire  was  used  as  a  bearing  surface  upon  which  to  revolve 
the  gun.  Some  apprehension  was  felt  as  to  the  effect  of  this  upon  the 
wire,  and  the  layers  were  soldered  together  beyond  the  turned  portion 
to  preveut  them  from  unwinding  in  the  event  of  a  break.  None,  how- 
ever, occurred. 

The  ^un  was  ready  for  the  rings  on  April  28, 1886. 

9331  o  R 25 
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SHRINKINa. 

For  patting  on  ring  A  the  gun  was  placed  witli  the  breeoh  ttnmd 
the  foruace. 

The  shrinking  on  of  this  ring  was  quite  satisfactory,  ezoept  in  the 
matter  of  time  i-equired  to  heat  it  up.  The  draught- pipe  of  the  toman 
was  too  small,  and  was  afterwards  increased  with  good  effect. 

The  increaseof  the  diameter  of  the  ring  was  made  up  of  the  Bhrinksfe 
plus  the  taper  plus  the  clearance.  The  last  was  .02  of  an  inch,  and  the 
sum  of  all  was  .1184  of  an  inch,  or  .0041  of  an  inch  per  inch  of  diamete, 
requiring  a  temperature  of  nearly  700  degrees  Fahrenheit.  This  is  a 
more  than  ordinarily  high  expansion. 

The  joint  between  rings  A  and  B  is,  as  far  as  can  be  seen,  perfeot. 
Below  is  a  record  of  time  required. 

Time  record  of  $hr%nking. 


Hoop  »4Ji:iA^^  Iq  heating  chamber 

Famace  opened 

Time  in  heating • 

Color  of  hoop,  blae 

Hoop  in  position    

Time  reqnired  to  fs^t  hoop  on 


Water  rm^  in  position i    6 


Time  from  f^ettins  hoop  in  place  to  taming  on  water. 

Time  water  mnnins    

Preaaure  removed,  next  day 


This  ring  was  put  on  on  May  8,  1886. 

The  gun  was  then  reversed  and  preparations  made  for  placing  the 
trunnion  ring.  For  this  ring  the  press  was  not  required*  A  smaU 
ring  was  clamped  on  the  gun  for  the  trunnion  ring  to  bring  up  a|9ainst» 
and  it  was  allowed  to  cool  in  its  place.  The  water  was  thrown  by  the 
water  ring  against  the  reai  face  of  the  trunnion  ring. 

The  rising  of  the  ring  after  a  short  time  from  the  gun  at  the  ftont 
end  showed  that  it  had  clamped  the  gun  at  the  rear. 

On  account  of  the  weight  of  the  trunnion  ring,  the  distance  neceBsacj 
to  carry  it  while  hot,  and  the  improvised  nature  of  the  appUaaoea  fiir 
placing  it,  together  with  consideration  of  the  fact  of  its  subsidiary  oflloe 
in  resistance,  it  was  considered  advisable  to  give  it  quite  a  luge  clear- 
ance. This  the  small  value  of  the  shrinkage  permitted  to  be  done  with« 
out  overheating  the'metal.  The  clearance  over  the  largest  diameter  of 
the  seat  was  .084  inch.  The  expansion  was  .126  inch,  or  .0035  per  inoh 
of  diameter. 

Time  record  of  shrinkifig, — Trunnion  Ring  C 


Snl^ect  of  observation. 


A.H. 


Hoop  a^^wted  in  heating  chamber 

Famaoe  opened 

Time  in  heating 

Hoop  in  position 

Time  reqnired  to  get  hoop  on 

Water  tnmed  on   

Water  tnmed  ofl^  2  p.  m 


7  »  • 
11    45  • 

8  46  0 
11    48  4S 

t  49 

11    M  » 


The  smallest  clearance  of  the  sleeve  was  .07  of  an  ineh.  This  xeqnired 
an  expansion  of  .096  of  an  inch,  equal  to  .0026  of  an  indh  per  taeh  of 
diameter. 
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The  deeve  was  placed  withoat  difBcalty.  Its  length  and  that  of  the 
tmnnion  ring  were  so  arranged  that  the  front  face  of  the  ring  should 
prqjeet  aboat  .01  of  an  inch  beyond  Ring  E,  to  insnre  that  Bing  F  shonld 
Dear  against  the  sleeve  and  not  against  the  spool  ring.  The  press 
worked  satic^EM^torily  and  the  joint  between  the  sleeve  and  the  tmnnion 
ling  appears  to  be  perfect. 

Time  record  of  $hrinhing» — Sleeve  ring  D. 


Hoop  adjusted  in  heating  ohamber.,, 

Famace  opened 

Time  in  heating 

Color  of  hoop,  bine 

Hoopinpoeftion    

Time  reqaired  to  get  hoop  on 

Pressure  bolts  applied , 

Time  required  to  get  press  in  action 

Water  tamed  on 

Water  turned  off 

Hoop  cool       

Time  from  getting  hoop  in  place  to  taming  onirater 

Time  water  running 

Timeln  cooling i 

Oas  ring  in  position  and  gas  lighted '    2 

Gas  ring  removed i    3 

Time  01  using  gas  ring 

Pressure  removed !    4 


2 


49  10 

2  12 

60  20 

1  10 

58  0 

21  • 

41  80 

8  60 

28  0 

48  80 

51  0 

7  10 

16  10 

7  0 


It  will  be  observed  that  the  water  was  not  turned  on  nutil  after  the 
gas  ring  was  in  operation.  The  gas  ring  is  of  donbtful  necessity.  It 
was  UB&d  in  this  instance  on  aatonnt  of  the  length  of  the  sleeve. 

The  clearance  of  Ring  F  was  .0584  of  an  inch  ;  th'3  expansion  .1085 
of  an  inch,  eqnal  to  .0035  of  an  inch  per  inch  of  diameter.  The  opera- 
tion of  putting  it  on  was  performed  with  success  except  in  the  applica- 
tion of  the  press  bolts.  The  machinist  superintending  the  placing  of 
the  bolts  upon  the  left  side  of  the  gun,  an  intelligent  man,  the  one  who 
had  made  and  marked  the  gauges  for  setting  the  nuts,  became  excited, 
■napped  both  gauges  from  their  rods,  got  them  interchanged  in  his 
luuids  and  applied  them  wrongly.  In  a  moment  they  were  tightened  by 
the  shrinking  of  the  rods,  and  it  was  impossible  to  move  them.  The 
strain  npon  one  rod, was  thus  made  very  much  too  great  and  that  upon 
the  other  too  little.  The  heavily  strained  one,  as  it  continued  to  cool, 
broke  off  the  comer  of  the  casting  in  which  it  was  pivoted  and  fell 
down. 

The  press  thus  lefb  acting  on  one  side  only  naturally  failed  to  do  its 
work,  and  the  joint  was  le^  open  .003  of  an  inch  on  one  side  and  .008 
^  an  inch  on  the  other.    This  it  is  intended  to  close  up. 

The  water  ring  was  used  to  cool  off  the  rear  edge  of  the  ring. 

In  spite  of  the  mishap  the  joint  is  a  fairly  good  one. 


Time  record  of  shrinking.— Bing  F, 


h,    m,  9. 


Hoop  adjusted  in  heating  ohsmber 1 

Fnmaoe  opened 

Time  in  heating 

Hoop  in  position 

Pressure  Dolts  applied 

Wster  turned -on  

Time  water  running 


4 

8 
4 
4 

4 
1 


0 
28 
23 
25 
26 
80 
80 


15 
35 
20 
80 
65 
20 
0 


V.  W.  inU  8etiiptooftrhy.25ofan  Inch. 
"flL  W.  not  tet  up  too  litde  oy  .126  of  an  lnoh« 
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The  sliriiikiog  of  the  hoops  was  flnished  oa  May  10,  1886. 

While  the  gan  was  oat  of  the  lathe  the  head-stock  of  the  tetter 
raised  so  as  to  permit  the  gan  with  tiie  trannion  ring  apon  it  to  levdfe 
clear  of  the  base  of  the  winding  machine  or  the  traveling  carriagie. 

The  gan  was  replaced  in  the  lathe  on  May  29,  and,  pending  theoon- 
pletion  of  a  gear,  made  necessary  by  the  raising  of  the  head*8too!k,  work 
was  done  in  turning  off  the  oatside  of  the  rings. 

The  winding  was  recommenced  on  June  10,  and  continoed  ontU  July 
1,  when  failure  of  appropriation  for  the  continuance  of  the  work  neces- 
sitated its  suspension. 

There  remain  to  be  applied  four  layers  of  wire.  After  which  the  gan 
is  to  be  finished  on  the  outside,  bored  and  rifled,  and  the  recess  Ibr  the 
breech-block  threaded. 

The  following  is  a  list  of  the  principal  appliances  made  for  use  in  the 
manufacture  of  this  gun. 

Gears,  &o.,  for  gearing  op  large  lathe. 

Winding  machine. 

Back-rest  for  48-inch  lathe. 

Boring  and  rifling  attachment  to  large  lathe. 

Shafting  in  winding  shop. 

Shafting  for  4&-inch  lathe. 

Throe  screw-bonnets. 

Gnn  bearing^  for  largo  lathe. 

Mazzle-driving  chnok  for  large  lathe. 

Reels  for  carrying  wire. 

Truck  for  carrying  reels. 

Chock  for  holding  rings  in  48-inoh  lathe. 

Independent  carriage  for  larse  lathe,  for  ose  with  sorew-bonnetL 

Revolving  a])parato8  for  soldering  furnace.    (Partly  finished). 

Pieces  for  raising  head-stock  of  48-inch  lathe. 

Pieces  for  raising  head-stock  of  large  lathe. 

Breech-driving  chnck  for  large  lathe. 

Back-rest  for  large  lathe 

Overhead  crane  for  soldering  furnace. 

Tapering  machine  for  wires. 

Splicing  machine  for  wires. 

The  list  comprises  only  the  larger  articles. 

I  am,  sir,  very  respectfully,  your  obedient  servant. 

WILLIAM  OfiOZIBB, 
First  Lieutmant  of  Ordmomoi, 
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Appbhdix  a. 


[Tfn«4  ttMl  wire,  Mirk  S ;  Meti«Ml 


0".lWxm9".U1^9",9ilL] 


▲TOltod 

lotos  per 

•qoMeinoh. 


Powidt. 

6^000 

10,000 

15^000 

20.000 

39,000 

80.000 

85,000 

40,000 

45.000 

50.000 

55,000 

60.000 

65.000 

70,000 

75.000 

80,000 

85,000 

90,000 

05,000 

100.000 

105,000 

110.000 

115.000 

120.000 

125,000 

130,000 

185. 000 

140, 000 

145. 000 

150,000 

155,000 

160.000 

105,000 

170,000 

175,000 

178,240 


KlonffAtion 
per  mob. 


0 
.000190 
.000380 
.006060 
.000760 
.000080 
.001120 
.001320 
.001520 
.  001710 
.  001910 
.002120 
.002830 
.002560 
.002780 
.003000 
.003220 
.003470 
.003700 
.003970 
.004260 
.004510 
.004820 
.005150 
.005510 
.005830 
.006230 
.006840 
.007300 
.007970 
.0085 
.0095 
.0110 
.0180 
.0160 
.0290 


SoooeeeiTe 

elongfttlon 

periaeh. 


0 
.190 
.000190 
.000200 
.000180 
.000170 
.000190 
.000200 
.000200 
.000190 
.000200 
.000210 
.000210 
.000220 
.000230 
.000220 
.000220 
.000250 
.000230 
.000270 
.000290 
.000250 
.000310 
.000330 
.000360 
.000320 
.000400 
.000610 
.000460 
.000670 
.000690 
.0010 
.0015 
.0020 
.0030 
.0130 


PemiMieiit 
set. 


.000010 


.000080 


permsnent 


.000010 


.000070 


Lritfaaissd. 


.000200 


.000480 


.000810 


000120 


000280 


000880 


.001540 


000780 


Tensile  stmngth. 
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Appendix  B. 


[Cast  iniB  ftom  breeoh  dise  of  lO-inek  wire-wrmpped  rifle ;  tinfanHil  toctaaiinv 
inside  specimen :  mArk  4.  diameter  1.129;  seetionsi  srsA.  1  square  inob;  gaafsd  Iflaglh, 
20  inches.]  , 


I 


Poundi. 

500 

1.000 

2,000 

3,000 

4,000 

6.000 

e.000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000  '■ 

14,000 

15,000 

ie.000 

17,000 

18,000 

19^000  : 

20,000  , 

21,000: 

22,000  i 

23,000  ' 

24,000  1 

25,000 

20.000 

27,000 

28.000 

2«,000 

2«,120 

0 
.000015 
.000060 
.0000110 
.000160 
.000220 
.000260 
.(H)0310 
.000360 
.  00042r> 
.000490 
.00054.% 
.000610 
.000650 
.000720 
.000795 
.000870 
.000045 
.  OOIO^"* 
. 001 125 
.001225 
.001320 
. C01445 
.001555 
. 001710 
.001880 
.002015 
.002250 
.002540 
.002900 


Permanent 
set. 


0 
.000015 
.000045 
.000050 
.000050  , 
.000060 
I   .000040 
I   .000050 
,    .000050  , 
I   .000060 
!   .000070 
.000055 
.000065 
.000040 
.000070  • 
. 000075 
.000075 
I    .00jM)75  ' 
.000090  ; 
.000090  , 
.OOOKN) 
.000005  ' 
.000125 
.000110 
.  000155  : 
.000170 
.000135  i 
.000235  i 
.000290 
.000360 


SoeoeseiTe 
permanent  < 
set.   I 


0 
0 
0 
0 
0 
.000005 
.000010 
.000010 
.000010 
.C00025 
.000040 
.000015 
.000045 
.000055 
.000060 
.000065 
.000090 
.000100 
.000135 
.000150 
.000100 
.000220 
.000270 

.ooa?20 

.000390 
.000490 
.000550 
.000095 
.000900 
.001185 


— I 

I 

0  I  Initial  load. 


•1 


.000006 
.000005 

0 

0 
.000016 
.000016 
.000006 

0  . 

.000010  ' 
.000005  , 

.  000005  Blastie  UmiL 

.000036  ! 

.000010  i 

.000035  i 

.  000015 

.000040 

.000060 

.000050 

.000050  I 

.000070  ; 

.000100  ; 

.000060  I 
.000146  I 
.000205  ! 
.000285  j 
I  Tensile 
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Compre.. 

=r 

PenoMent 

Sauw.^.r 

Remuto. 

Aimcb. 

1,000 

iooo 

i 

T.ODO 

8,  wo 
S.HW 
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liOOO 
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13,000 
14,000 
1S,DD0 
10.000 
17:«K) 

W>0 
11,000 

Is 
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88.000 

au.000 

SS 

sa,Doo 
Hooo 

Bsiooo 
sal  000 

InltUlHuL 
TTltiiDUa  un&gth. 

ooooao 
oooow 
oo«o« 
ooooflo 

oooow 

ooooco 
ooooto 

OOO05O 

MWIIBO 

ooooflo 

ooooM 

000080 
ooooeo 

000010 
OOOCWO 

MOMU 
000153 

OOOMO 

00^370 
000300 

OOOIBM 

0002DO 
D00300 

oooMo 
oooaoo 

000840 
OOOBCO 

ooasBD 
oozto 

00  300 
U0I4B0 

DOIOSO 

oojilo 
uoL-aiu 
oo^ito 

OOiMO 
IMK830 

ooiwM 

003780 
OMMO 

.000030 
.000030 
.000040 
.000060 

.0001 
'00{ 

iooi 
!ooi 

.000 
.OM 
.000 

.000 
.000 

.000- 
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.m 
.m 

'.m 
.001 
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00 
00 
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BO 

so 
ou 

ooooto 
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ooooio 

000010 
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ooooBo 

OOOOIO 
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OOOOJO 
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[Cast  inm  Dram  breeoh  disc  of  10>iDch  wire>woimd  rifle ;  radial  eompreaalont  ■Mck;  19| 

inehes;  diameter  L128  Inch 2  aecttoiial  aiea  1  aqnaie laeh.] 


UJI 


aquare 
inch. 

Comprea- 

atcmper 

inon. 

Snooeaaive 

ooanprea* 

aionper 

inon. 

PannMMBt 

aet 

Oueceaal'fe 
pefmaaflBt 

aet 

d^^HHn^n  , 

PiMmdt. 

BOO 

0 

0 

0 

UlWIaai. 

1,000 

.000018 

.000018 

2,000 
8,000 
4,000 
S.000 

e,ooo 

7,000 
8,000 
9,000 

.000080 
.000072 
.000109 
.000164 
.000217 

.000018 
.000086 
.000087 
.000055 
.000058 

.000273 
.000809 
.000845 

.000056 
.000086 
.000086 

10,000 

.000381 

.000036 

'".oooois 

"Vioobia 

11,000 

.000453 

.000072 

.000018 

0 

12,000 

.000489 

.000086 

.000086 

.000018 

18,000 

.000525 

.000086 

.000086 

.000018 

14,000 

.000561 

.000086 

.000086 

.000016 

15.000 

.000670 

.000109 

.000054 

.000018 

16.000 

.000688 

.000018 

.000054 

0 

17,000 

.000746 

.000058 

.000072 

.000018 

18,000 

.000800 

.000054 

.000091 

.000019 

19,000 

.000855 

.000055 

.000109 

.000018 

20,000 

.000891 

.000036 

.000127 

.000018 

21,000 

.000963 

.000072 

.000127 

0 

22,000 

.001035 

.000072 

.000127 

0 

23,000 

. 001071 

.000036 

.000127 

0 

24,000 

.001143 

.000072 

.000145 

.000018 

25,000 

.  001215 

.  000072 

.000145 

0 

26,000 

.001287 

.600072 

.000163 

.000018 

27,000 

.001359 

.000072 

.000181 

.000018 

28,000 

.001431 

.000072 

.000217 

.000036 

20,000 

.001467 

.000036 

.000235 

.000018 

30,000 

.001594 

i   .000127 

.000253 

.000018 

Perceptible  daAaotlaiL 

31.000 

.001727 

;   .000133 

.000307 

.000054 

82,000 

.001799 

.000072 

.000343 

.000036 

33,000 

.001891 

.000092 

.000415 

.000072 

34,000 

.001981 

.000090 

.000469 

.000054 

35,000 

.002127 

.000146 

.000541 

.000072 

86,000 

.002345 

.000218 

.000670 

.000129 

37,000 

.002490 

.000145 

.000779 

.000109 

• 

88,000 

.002672 

.000182 

.000900 

.000127 

89,000 

.003000 

.000328 

.001143 

.000237 

40,000 

.003290 

.000290 

.001359 

.000216 

;    01.900 

Ultiinate  atNBffth. 

• 

NOTE  BY  W.  E.  WOODBBIDOE. 

It  may  be  aaid  of  the  machine  referred  to  that  by  Ita  meane  the  wire  waa  applied  with  **%iillaH^ 
fldent  aoenracy  of  tension  "  (aa  stated  in  the  report),  that  it  was  easily  operated  by  one  imbtw^  tiMI 
the  tension  coald  be  easily  refnilated  and  var  ied  at  will  by  the  operator  without  * 
conrse  of  windinfi.  and  that  it  suffered  no  visible  deterioration  by  use. 

Aa  to  the  rate  of  winding  in  actaal  operating  time,  it  has  se  rved  to  lay  90  poonda  of  wire ' 
InclndinK  in  that  time  a  proportional  part  of  the  time  required  for  reanpplytng  the  pi^iera 
the  "discs.** 


Dnrins  the  winding  of  the  fnuo*  an  observation  extending  throngh  nearly  four  daya  (of  eight 
work)  snowed  that,  inclnding  the  snpply  of  new  reels  of  wire,  the  Joining  of  the  wuee  o^  thereilati 


those  previously  wound,  the  insertion  of  the  filling-pieces  at  the  enaa  of  each  layer,  the  apeeial  1 

Ine  and  covering  at  night,  the  uncovering  and  making  ready  in  the  mominir,  and  every  opcistlMii 
delay  attendant  upon  laying  the  wire,  the  rate  was  4^  pounds  per  honr.    lifothing  but  ad  IneraaMW 
speed  of  rotation  of  the  gun  in  the  winding  lathe  is  necessary  to  inoreaae  the  rate  of  wiadteg  to  » IWI 
notyet  known. 

Tnere  is  no  reason  whjir  the  operation  could  not  be  continued  with  advantage  throojch  the 
fbnr  hours  of  each  day  if  dcsirod,  and  the  r^ult  would  be,  at  45  poonda  per  hour,  vnb 
more  than  1,000  iK>unds  peir  day. 

It  would  aeem  that  the  quality  and  rate  of  work  above  stated,  and  the  maehinacy  V7  wMeh  It  li 
aocompliahed,  might  be  considered  satiafactory  until  aomething  better  oan  be  ahown. 


r 


-~/Jac?ciriff  R^ng  - 


■»*^^^V-^~v^* 


^ 


:  I  *^ 
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REPORT  OF  EXPERIMENTS  MADE  AT  THE  WEST  POINT  FOUNDMT  TO 
TEST  THE  QUALITIES  OF  A  FOROED,  OIL-TEMPERED,  AND  AimBALMD 
MID  VALE  STEEL  TRUNNION-HOOP  WHEN  APPLIED  UNDER  SHMINK' 
AOE  TO  A  CAST-IRON  BODY. 

By  CAPr.  H00ER8  BiRNiE,  Jr.,  Ordnance  Department. 

(2  Plates.) 

[Tnmnion-hoop  for  8-inoh  steel  breeoh*k>*di]ig  rifle,  desigii«led  8  THbx.~1886.] 

This  hoop  was  ordered  by  Chief  of  Ordnance,  U.  S.  Army,  for  ex- 
perimental purposes,  to  test  the  qualities  of  forged  steel  trunnion-hoops. 
It  was  made  by  the  Midvale  Steel  Company  in  the  year  1885.  Its  manu- 
facture has  been  described  by  Lieut.  F.  E.  Uobbs,  Ordnance  Depart- 
ment, U.  S.  Army,  Inspector  at  the  Steel  Works.* 

In  the  design  of  gun  presented  the  trunnion-hoop  is  assembled  under 
shrinkage  and  must  aid  in  the  tangential  resistance  of  the  gun  besides 
forming  the  support  of  the  trunnions,  and  for  this  purpose,  in  the  pres- 
ent state  of  the  art,  a  cast-steel  trunnion-hoop  can  scarcely  be  consid- 
ered adequate. 

The  hoop  was  subjected  to  two  distinct  series  of  mechanical  tests, 
comprising,  first,  tensile  tests  of  eighteen  specimens  taken  from  the  two 
ends  and  the  central  portion  of  the  hoop,  and,  second,  shrinkage  tests 
of  one-half  of  the  hoop. 

The  rough-finished  hoop,  of  which  the  dimensions  are  given,  Plate  I, 
weighed  2,668  pounds  when  received  at  the  West  Point  Foundry. 

TENSILE  TESTS. 

In  Plate  I  the  hoop  is  shown  divided  into  the  parts  A,  B,  C,  as  it  was 
cut  to  take  out  the  central  specimen  ring  '^  O."  The  specimens  from 
this  ring,  Kos.  9  to  18,  inclusive,  were  prepared  at  the  West  Point 
Foundry ;  specimens  1  to  8  had  previously  been  taken  under  direction 
of  Lieut.  F.  E.  Hobbs,  U.  S.  Ordnance  Department,  at  the  Midvale 
Steel  Works — Nos.  1  to  4  from  the  end  marked  A,  and  5  to  8  from  the 
end  marked  6 ;  Nos.  1  and  5,  2  and  6, 3  and  7,  and  4  and  8  were  taken, 
two  and  two*,  from  the  ends  of  the  hoop  opposite  each  other. 

All  of  the  specimens  were  tested  upon  the  machine  at  Watertown 
Arsenal,  Massachusetts.  The  following  table  presents  a  summary  of 
the  records  grouped  for  the  parts  of  the  hoop^  and  the  general  mean.t 

*  See  Appendix  II. 

t  The  records  of  tests  for  the  18  specimens  wiU  be  printed  in  fiill  in  the  forUuMnniog 

report,  ''  Tests  of  Metals,  Ac,  1886.'' 
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Mean  results  of  tesla,  by  tension,  of  IS  ronnd  bars  taken  from  forged,  oil-tempeni,  mi 
annealed  Midvale  (experiikeniat)  steel  trunnion-koop  for  8-tiicA  stoA  breeek-imuHmg  wffk. 

[Tangential  BpcHsimens  6.0  inches  io  length  and  0.35  sqaare  inch  croaa  aectlon.) 


Load  per  sqnare  inoh  oi  croM*seo> 
tion. 


Relative  el<»n);ationa. 


£Dd  A.  Center  C. 

Specimen  1-4.   Specimen«  9-18. 


Poundt, 

10,000 

15»000 

20.000  ...; 

25.000 

•0,000 , 

86,000 

40,000 

45.000 

40,000  ..   

47,000 

48,000 

49,000 

60,000 

64,000 

60.000 

70,000  

80,000 

Adopted  workin<;  limit  of  (  ponnda-^ . 

the  raeial { tonn 

Correspontlitfg    eloD^ation,    thou' 

aandtha 

Correaponding  coefficient  K  ponnda  ' 

ofelaaticitv (tons — 

EUetio  limit    IH.»D.l«i^i;iSSSj 
perMinare  IDCI. )„ver«Ke..:; 

CorreHpondiux  flonga-C  mlDinium.' 
tiona     or     conipn'(i-<  maximum, 
aiona,  thonaaudtha.    Cuverago... 

Beaiatuice   at   failure  (  minimum  , 
on  primitive  aection,  <  maximum 
pounda  per  aq.  inch.  (  average  . . 

Elongation    per    inch  (  mini  mum  . ' 
after    rupture,    per  <  maximum. 
cent C  average . . . 

Sednction  of  areaafter  C  minimum  .  ■ 
mptnre.  per  cent,  of  <  maximnm 
primitive  aection  . . .  (  average . . . 

Spedflo  gravity 

Iiardneaa 


TKoutandtlu. 
0.312 
U.476 
0.638 
a808 
0.971 
1.133 
1.304 
1.458 
1.478 
1.5U 
1.544 
1.584 
2.229 
3!896 
13.092 
24.107 
31.467 


Thousandths. 

0.260 

0.433 

0.603 

0.768 

0.936 

l.lOo 

1.288 

1.479 

2.611 

3  225 

4.211 

5.301 

&428 

11.566 

1&086 

32.246 

62.000 


EndB. 
Specimena  5-S. 


Thousandths. 


I 


49,000 
57,000 
53.750 

1.567 
1.950 
1.783 
89,600 
93,920 
91.890 
17.67 
22. 17 
19.  25 
36.40 
54.60 
47.60 
7.8501 
1&56 


45,000 
56,000 
48,800 

1.438 
1.900 
1.6S3 
80,760 
91,960 
86,652 
16.50 
19.33 
17.81 

saoo 

59.30 
48.35 


0. 

0.621 

0.779 

0.954 

1.181 

1.888 

3L518 

8.746 

6.475 

6.850 

9.838 

10.767 

18.918 

19.767 

82.579 

56.880 


44,000 

48^000 

46,850 

1.587 
L588 
1.671 

87,000 

80,000 

88,000 
14.50 
20.80 
1&04 
80^40 
52.10 
45u76 


in 


4k9m 


SOL  444,  MB 
ULMLt 


fl7,i8i 
on  on 

LOB 


LI 
L( 


1C88 
ULia 


A  carefal  examination  of  the  tests  leads  to  the  adoption  of  the 
given  in  the  colamn  of  general  mean  above  for  the  elastio  working  Umik 
of  the  metal,  which  it  would  not  be  safe  to  exceed  in  praotioe. 

It  is  to  be  remarked  that  the  mean  of  the  gronp  from  the  end  A  gsite 
considerably  higher  values  for  the  physical  properties  than  either  of 
the  two  others,  whilst  between  those  two  there  is  a  slight  difBovanee  ta 
fiftvor  of  the  central  group,  only,  however,  as  regards  elastic  propertiflli 
The  superiority  of  the  end  A  was  not  confirmed  by  the  shrinkage  '1 
and  it  is  considered  probable  that  the  effect  was  local. 

As  regards  the  position  of  specimens,  whether  from  the  oateide  (l 
Nos.  9, 12, 13, 16,  and  17,  Plate  I),  middle  (see  Nos.  1  to  8  and  11  ^ 
15),  or  inside  (see  Nos.  10, 14,  and  18),  or  whether  near  or*reniote 
the  trunnion  masses,  no  uniform  law  can  be  stated;  bnt  in  each  grom 
the  specimens  giving  the  highest  elastic  properties  (see  Nos.  2, 4L  8b^ 
13,  and  14)  were  taken  within  the  trunnion  masses  and  perpeMoOQUr 
to  the  axis  of  the  trunnions.  In  the  fracture,  however,  these  sped- 
mens  were  partly  granular,  and  three  of  them,  Nos.  13,  3,  and  (K,  gate 
the  least  ^'  reduction  of  area  after  rupture"  of  the  whole  number  tested, 
and  their  ultimate  elongation  also  was  relatively  low.    These  indica- 
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tioDS  help  to  explain  the  inferiority  of  the  trunnion  portions  to  the  re- 
mainder of  the  hoop,  subsequently  developed  in  the  shrinkage  tests. 

Considering  the  thoroughness  of  these  tests  and  the  average  results — 
from  which  we  find  approximately  the  following:  Elastic  Umit,  49,000 
pounds ;  resistance  at  rupture,  88,000  pounds,  and  elongation  at  rupt- 
ure (for  6-inch  specimens)  18  per  cent. — the  gooil  quality  of  the  metal 
for  this  class  of  hoop  is  apparent. 

SHRINKAaE  TESTS. 

These  tests  were  conducte<l  with  the  half  of  the  hoop  marked  A, 
Plate  I,  and  comprised,  first,  the  elastic  test;  second,  the  strength  test 
(so  called),  in  which  the  hoop,  having  been  carefully  bored,  faced,  and 
turned,  was  heated  and  shrunk  successively  upon  cast-iron  cylinders. 
The  object  of  the  first  was  to  determine  whether  the  fibers  of  the  hoop 
as  a  whole  would  show  an  elastic*  limit  equal  to  that  of  the  metal  as 
determined  by  the  tests  of  bars,  and  incidentally  to  determine  a  useful 
limit  for  the  shrinkage  of  a  similar  hoop  in  gun  construction,  fhe  ob- 
ject of  the  second  was  to  determine  the  behavior  of  the  hoop  when 
subjected  to  such  a  shrinkage  as  would  strain  its  fibers  to  at  least  twice 
the  limit  of  elasticity  of  the  metal  as  determined  by  the  tests  of  bars. 

The  principal  observations  in  each  test  consisted  in  measurements  of 
the  interior  and  exterior  diameters  of  the  hoop :  First,  before  the  shrink- 
age ;  second,  after  the  assemblage ;  and  third,  after  the  removal  of  the 
cast-iron  cylinder,  by  which  was  determined  the  extension  of  the  hoop 
in  place,  its  restoration  on  release  from  the  cylinder,  and  its  final  set. 
The  compression  of  the  bore  of  cast-iron  cylinder  was  also  measured.* 

The  cast-iron  used  for  the  test-cylinders  was  cast  for  the  purpose  at 
the  foundry ;  it  was  of  medium  quality — one  test  for  tenacity,  taken 
from  the  sinking  head,  gave  a  result  of  26,920  ()ounds  per  square  inch, 
and  another,  from  a  shot  cast  from  the  same  metal,  28,050  pounds  per 
square  inch. 

The  dimensions  of  the  hoop  and  cast-iron  cylinders  are  figured  in 
Plate  II,  also  the  details  of  the  cuts  made  at  the  extremities  of  the 
marked  diameters  in  each  end  of  the  cylinders  before  the  assemblage 
of  tbe  hoop  to  enable  the  extended  diameters  of  the  hoop  in  place  to 
be  measured  at  the  ends.  The  separate  measurements  made  during 
the  progress  of  the  tests  are  recorded  in  Appendix  I. 

THE  ELASTIC  TEST. 

It  being  the  intention  in  this  test  to  produce  a  momentary  extension 
of  the  interior  fibers  of  the  hoop  under  shrinkage  equal  to  the  elastic 
limit  determined  by  the  test  of  bars,  the  shrinkage  was  computed  as 
follows: 

Assuming  the  value  8,000  tons  for  Eo,  the  modulus  of  elasticity  for 
the  cast  iron,  we  have  besides, 

Rt)  =  2.25,  Ri  =  11.75,  and  Rj  =  15.5  inches: 

Oi  =  45,667  pounds  or  20.387.  tons,  Bi  =  13.591  tons,  and  ^^  = 
0.0015  inch. 

*  These  results  were  available  as  a  check  upon  the  work,  by  compariaon  with  the 
anticipated  theoretical  resalts,  but  were  otherwise  not  conBidezed  eaeentiaL  By 
means  of  them  it  was  farther  found  that  the  aaeamed  modolne  of  8,000  tooa  for  im 
cast  iron  was  approximately  correct. 
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The  interior  pressure  Pi  required  to  produce  the  given  reUMve 
gential  extension,  0.0015  inch,  is  found  by  equation  (11),  piigeS| 
on  Oonstmction  of  Ordnance,  No.  35,  vis : 

_     3(R,«-Ri»)Bi    JKi    ^_^^ 

This  is  the  value  of  the  pressure  which  the  shrinkage  woald  prodoee 
at  the  contact  surface,  and  for  the  value  of  the  shrinkage  we  have, 
equation  (44),  page  28,  Note  35: 

(4  Bo»+  2  Bx»)  Pi  .  (4  B>»+2  Bg*)  I>i 
•  ^-•"3"(Ri»— K^«)  Ep   +  3  (K,»-B,»)  Bi 

s=O.00O46007 +0.0015»0.00196007 

and  the  absolute  value=<piX  23.5=0.0403  inch. 

Referring  to  the  measurements  pertaining  to  this  teet  reoorded  in  the 
Appendix,  we  find  the  hoop  to  have  been  bored  to  a  mean  interior 
diameter  equal  to  23.5064  and  the  exterior  of  cast  iron  tamed  U 
23.5502  inches,  giving  a  shrinkage  of  0.0438  of  an  inch  abeolate  and 
0.001864  relative  value,  or  0.0025  of  an  inch  less  than  prescribed. 
the  following :  Ori urinal  mean  eccentricity  of  hoop  (interior)  0.0003, 
of  cylinder  (exterior)  0.0005 ;  maximum  eonicalness  of  hoop  (interior) 
O.OOio,  and  of  cylinder  (exterior)  0.0016  of  an  inch. 

The  relative  areas  in  a  section  perpendicular  to  the  axis  of  the 
der  and  hoop,  ne^^lectiug  the  trunnions,  was  nearly  as  1.3  to  1. 

The  hoop  was  heated  in  a  hot-air  furnace  out  of  contact  with  flame; 
the  time  of  heating  was  2  hours  and  39  minutes ;  and  the  expanded 
diameter  when  removed  from  the  furnace  was  23.580 inches,  coneepond* 
ing  to  a  relative  expansion  of  3.13  thousandths,  a  tcmperatore  of  SSOP 
F.  nearly,  and  giving  a  diametrical  clearance  of  0.03  over  the  ctyiii 
for  the  assemblage.  Seven  minutes  after  the  assemblage  water 
applied  to  the  exterior  of  the  hoop  and  continued  for  23  minntea,  nntil 
the  metal  was  cool ;  the  heat  did  not  extend  perceptibly  throogh  ti 
the  bore  of  the  cast-iron  cylinder. 

The  measurements  to  obtain  the  momentary  displacements  of  ths 
metal  were  made  44  hours  after  the  shrinkage,  and  gave  the  foUowiiC 
results : 

Table  A. — Momfmiarydiaplaoemenisdue  to  Bkrinkage  in  elatiic  tent. 


Sulject  of  measarement. 

Didplacenenta. 

AbMlnta. 

SfllattTe.     1 

1 

\fAan  rnmnrpjutiiin  iif  h<)rA  iif  rvlindpr 

Inehm. 
a0052 

a  0111 

0.034« 
0.0837 
a0288 
0.0327 

LU 
0L«7 

L4T 

La 

L» 
L» 

at7 
aM 
an 

Iffpan  com nr<»i*ftif»n  of  pxtorior  of  ovlin'l^r ■. » t»». 

£zteo8ioD  of  interior  of  boop: 

On  dionieUT  No.  1  (»P  from  center  of  trunnions) 

Mean  of  dlametiTH  Nor.  2  and  4  (45°  fh>m  center  of  tmnniona) ' 

On  dlanit'ttT  No.  3  (ondor  trunnions) 

llnan  ftxt4*nfiion  of  interior  of  boon,  ,r .>.r.rT--T-.{ 

Extensions  of  exterior  of  boop: 
On  diameter  No.  1 

0.0902 
0.02K 
0.0247 

Mean  of  diameters  KoA. 'J  and  4 

Aoroaa  rimbaaes  (c-orresnondinir  to  diameter  No.  3) 
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The  separate  diametrical  measarementg  are  given  to  show  the  infla- 
eDce  of  the  trannions.  On  diameter  No.  1,  perpendicalar  to  the  axis  of 
the  trannioDSfthe  relative  extension,  1.47  thousandths,  nearly  eqnals  the 
extension  (1.5  thousandths)  sought.  On  Nos.  2  and  4  the  momentary 
extension  is  less,  and  there  is  a  marked  reduction  to  1.23  thousandths 
on  Ko.  3  direoUy  under  the  trunnions.  The  exterior  extensions  present 
similar  phases.  The  relative  value  ot  the  mean  interior  extension  is 
1.39  thousandths  ;*  its  reduction  from  the  value  sought  is  due  to  the 
negative  variation  of  0.0025  of  an  inch  in  the  prescribed  shrinkage. 

The  next  step  in  the  test  was  the  removal  of  the  cast-iron  cylinder. 
This  was  cut  out  in  three  pieces,  allowing  entire  freedom  for  the  hoop 
to  resume  its.  original  dimensions.  The  results  of  the  measurements 
then  taken,  which  consisted  of  a  repetition  of  the  original  ones,  show 
that  the  restoration  of  the  hoop  on  interior  diameters  1,  2,  and  4  was 
almost  perfect,  the  average  permanent  set  being  0.0005  of  an  inch  and 
for  diameter  No.  1  only  0.0001  of  an  inch,  whilst  on  No.  3,  under  the 
trunnions,  the  set  amounted  to  0.0013  of  an  inch.  The  results  of  the  ex- 
terior measurements  give  almost  identical  results. 

Under  this  test  the  mean  eccentricty  of  the  interior  of  the  hoop  was 
increased  from  0.0003  to  0.0015  of  an  inch,  and  the  maximum  conioal- 
ness  from  0.0016  to  0.0019  of  an  inch. 

The  peculiarity  of  these  results  is  that  the  diameter  under  the  trun- 
nions acquired  the  only  permanent  set  which  can  be  considered  appre- 
ciable in  practice;  yet  this  was  inconsiderable,  and,  taken  as  a  whole, 
this  test  shows  that  the  hoop  would  not  be  dangerously  strained  in  gun 
oonstruction  if  assembled  under  a  shrinkage  calculated  to  develop  the 
elastic  limit,  an  extension  of  0.0015  per  linear  unit,  determined  by  the 
specimen  tests  in  the  state  of  action.  The  metal  is  shown  to  possess 
nmform  elastic  properties  within  the  limit  reached,  excepting  only  a 
dight  impairment  in  the  region  of  the  trunnions.  The  momentary  ex- 
tei^ion  on  diameter  No.  1  was  1.47  thousandths,  and  the  permanent  set 
on  this  diameter  was  practically  nil. 

BTRENGKTH  TEST. 

In  this  test  the  lower  and  better  portion  of  the  casting  for  the  cylin- 
ders was  used  and  the  bore  of  the  cylinder  was  made  3.2  inches.  The 
exterior  of  the  cylinder  was  turned  to  a  diameter  of  23.5977  inches  for 
shrinkage.  The  hoop  was  used  in  the  state  in  which  it  was  left  by  the 
elastic  test,  having  an  interior  diameter  of  23.5071  inches,  and  making 
the  shrinkage  0.0906  of  an  inch  in  absolute  value,  or  3.855  thousandths 
in  relative  value — the  effect  being  to  subject  the  hoop  to  a  strain  some- 
what more  than  twice  as  great  as  in  the  elastic  test. 

The  hoop  was  heated,  as  before,  in  the  air-furnace ;  the  time  of  heat- 
ing was  4  hours  and  20  minutes,  producing  a  relative  expansion  of  4.974 
thousandths  and  a  temperature  of  about  840^  F.  The  clearance  for  as- 
semblage was  0.026  of  an  inch.  The  cooling  with  water  was  commenced 
two  minutes  after  the  assemblage,  and  continued  for  one  hour  until  the 
whole  was  cool. 

*Tbi8  average  extension  indicates  a  theoretical  pressure  Pi =4.68  tons  per  square 
inch  at  the  contact  surface;  from  this  the  theoretical  absolate  extension  for  the  exte- 
rior of  the  hoop  shonld  be  0.0288  inch,  which  is  nearly  equal  to  the  mean  of  diame- 
teiB  Noe.  2  and  4  above.  The  pressure  on  the  exterior  of  tbe  oast  iron  being  4.68  tons, 
ihe  absolute  compression  of  the  bore  should  be  0.0055  inch,  and  the  actual,  as  shown, 
18  O.O0@2  inch.  These  results  substantiate  the  accuracy  of  the  tests  and  the  practical 
coireotness  of  the  data  assumed,  indicating,  however,  that  the  value  8,000  tons  for 
modulus  of  oast  iron  is  a  little  too  great. 
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The  measurements  for  momentary  displacements  of  the  mebil 
made  20  hoars  after  the  shrinkage,  following  whioh  the  eaBt-inm  0^- 
inder  was  cut  out  as  before,  and  the  final  measarements  of  tbB  hoop 
were  made  throughont  at  the  same  points  as  the  originaL 

The  following  table  gives  the  momentary  displaoements  of  the  metal 
due  to  the  shrinkage,  the  restoration  of  the  hoop  on  removal  of  tte 
cylinder,  and  also  its  permanent  displaoement  or  final  set  oomfiamd  with 
original  dimensions : 

Table  B.—Sireiufik  faff. 


1  Momentary  displace- 
ment. 


Sabjeot  of  measnrement.     _ 

Absolute. 


Seetoration  of  hoop,    i      FiBftl  Ml 


Inehe$. 
Mean  eompression  of  bore 

ofoylinder 0.0049 

Mean  oorapi^ssion  of  e:c- 

terior  of  cy  Und«>r 0. 0122 

Extensions  ial  interior 

of  hoop : 
On  diameter  No.  1  0. 0809 

Mean  diameters  of  Nos.  2 

aud4 0.0792 

On  diameter  No.  3    0. 0741 

Moan  extension  of  inte-  ' 

rior  r>f  hoop 0. 0784 

Extensions  at  exterior 

of  hoop :  I 

On  diamoter  No.  1  0.0703 

Mean  of  diameters  Nop.  2  \ 

and4 0.0M4 

On  diameter  No.  3 0. 0650 

I 


Relative.   >  Absolute. 


Relative^      Abaolnta. 


Thou'thg. 
1.53 
0.52 

3.44 

3. 87 
3.15 

3L84 

2.27 

2.14 
2.06 


Incket, 


JAou'tiU. 


0.0513 

0.0436 
0.0321 

0.0434 


0.0487 

0.0389 
0.0261 


2.81 

1.86 
L86 

1.86 


1.57S 

1.258 
a820 


0.0666 


-♦ 


1.18 


0.1 
0.0480 

0.0S8O 


0.0216 

0.0S75 
0.1 


LB 
Lit 


6.6^ 

6.  Mr 


It 


Taking  the  mean  compression  of  exterior  of  cylinder — ^relative  valae 
0.52  thousandth — we  may  deduce  by  formula  (23),  page  6,  Note  on  Con- 
struction of  Ordnant^e,  No.  35,  the  value  of  the  normal  pressure  at  the 
contact  surface  due  to  the  elastic  contractile  efibrt  of  the  hoop  in  it6 
state  of  extension  under  the  shrinkage ;  we  find, 

Pi= — ^  ^  2i*>*R  2  ^  X  0.00052=5.896  tons  per  square  inch,  and  thenoe 

derive  the  tangential  tension  in  the  direction  of  the  circamferenoe  hj 
the  formula — 

01= -^o  !i?i^^>^^=23.79  tons=  53,290  pounds  per  square  inch. 

In  the  elastic  test  we  have,  from  the  momentary  extension  (sappoaed 
wholly  elastic)  of  the  hoop,  deduced  Pi =4.68  tons,  hence  for  that  test 
we  should  have  @i= 18.886  tons,  or  42,300  pounds  per  square  inch.  The 
mean  momentary  extension  in  the  elastic  test  was  1^  thonsandthSy 
for  which  the  corresponding  load  in  the  tests  of  bars  was  43,670  ponnds. 
giving  a  very  close  agreement  between  the  free  tests  and  the  shrinkage 
test  based  on  the  deductions  from  the  formulas.  The  mean  momentaiy 
extension  in  the  strength  test  given  above  is  3.34  thousandths,  and  Um 
deduced  value  of  @i  is  53,290  pounds,  whilst  the  load  which  piodaoed 
nearly  the  same  extension  in  the  free  tests  was  48,000  ponuds.  Thead 
comparisons  indicate  that  for  strains  within  the  elastic  limit  a  given 
load  will  produce  nearly  the  same  extension  in  the  hoop  as  in  the  apeoi- 
men,  but  that  for  excessive  strains  the  metal  retains  its  elastic  8treDg& 
better  in  the  hoop  than  in  the  specimen. 
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The  weakness  of  the  hoop  in  the  vicinity  of  the  trannions,  observed 
in  the  elastic  test,  is  more  pronounced  in  this.  On  diameter  No.  1,  per- 
pendicular to  the  axis  of  the  trnnnions,  the  restoration  is  seen  to  be  67 
per  cent,  of  the  momentary  extension,  on  Nos.  2  and  4  it  is  55  per  cent., 
and  on  No.  3,  throngh  the  trnnnions,  only  43  per  cent. 

The  mean  eccentricity  of  the  hoop  was  increased  by  this  test  from 
0.0003  of  an  inch  (original)  to  0.0058  of  an  inch,  lodged  in  the  diameter 
under  the  trnnnions.  The  conicalness  was  increased  from  0.0016  of  an 
inch  (original)  to  0.0031  of  an  inch,  bnt  in  general  the  contour  of  the 
hoop  in  this  respect  was  not  markedly  changed,  and  we  conclude  that 
the  shrinkage  tests  prove  the  different  portions  of  the  length  of  the 
hoop  to  have  been  nearly  uniform  in  strength. 

The  shrinkage  tests  have  shown  that  the  hoop  as  a  whole  is  adapted 
for  use  in  gun  construction,  using  a  proper  amount  of  care  in  the 
shrinkage;  that  is  to  say,  the  hoop  should  be  assembled  with  a  rela- 
tively low  shrinkage,  since  an  excess  of  shrinkage  would  probably 
develop  a  set  in  the  trunnion  masses  in  the  state  of  action.  It  can 
scarcely  be  considered  safe  to  assume  that  such  hoops  will  work  to  the 
average  elastic  limit  determined  by  the  free  tests.  It  would  be  better  to 
use  an  elastic  limit  not  much  exceeding  the  lowest  of  the  specimens. 

The  tests  indicate  that  the  weak  places  of  the  hoop  are  in  the  trun- 
nion masses,  and  lead  to  the  obvious  conclusion  that  the  greatest  care 
should  be  exercised  in  the  manufacture  to  obviate  this  defect  as  far  as 
possible. 

West  Point  Foundry, 

Coid  Spring,  N.  Y.yJune  24,  1886. 


Appendix  I. 


RECORDS  OF  MEASUREMENTS  PERTAINING  TO  BLASTIO  TEST. 
[MidTale  forged  steel  trunnion-hoop,  8  THkx.— 1885.    CMt-iron  test  oylinder  No.  1.] 

I. — Hoop  prepared  for  ehrinkage, 
(a)  Interior  diameters  throaghont. 


1 

Distance  from 
top. 

Diameter 
No.  1. 

Diameter 
No.  2. 

Diameter  '  Diameter  <  Meandi- 
No.  8.            No.  4.          ameters. 

Inehet. 
0. 1 

Inehet. 
23.5065 
23.5052 
23.5068 
23.5055 
23.5072 

Inehet. 
23.5070 
23. 5057 
23.5072 
23.6057 
23.5070 

Inehst.         Inehet. 
23. 5070          23. 5007 
23.5055  1        23.5053 
23.5070          23.5070 
23.5055          23.5055 
23.5070  ;        23.5070 

Inehet. 
2:^.5068 
23.5054 
23.5070 
23.5055 
23.6070 

1.7 

O.  od.      ......... 

5.0 

6.00 

Means  . . . 

23.5062 

23.5065 

23.5064          23.5063 

1 

23.5064 

(b)  Interior  diameters  at  ends. 


Top 

23.  5077 
23.5075 

23.5082 
28.6075 

28.6085 
23.5070 

23.5080 
23.5072 

23.5081 
23.5073 

Bottom 

Meauit . . . 

23.6076 

23.5078 

23.5077 

23.5076 

23.5077 

(0)  Exterior  diameters  at  ends. 


Top 

31.0015 
31.0005 

31.0000 
31.0000 

•32.0215 
^82.0207 

8a  0000 
30.9805 

Bottom k 

Means... 

31. 0010 

31.0000 

*82.0211 

80.9002 

*Mea0iized  serosa  rfanbMM. 
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n. — Hoop  a99emfML 
(d)  Ihtsrior  dumeten  at  ends. 


Distaoce  from 
top. 

Diameter 
No.1. 

Diameter 
No.  2. 

• 

Diameter-  Diameter 
No.  8.           No.  4. 

JndUt. 
Top 

Ineket. 
23.5420 
28.5425 

23.5418 
23.5412 

Inehm,         Inehm, 
23.5370          23.6415 
23.5860          88.6415 

saiSiM 

Bottcnn 

S8L6IQi 

Means... 

23.5428 

23.5412 

23.5365  ;        88.5415  !        S8L6Mt 

(e)  Exterior  diameters  at  ends. 


Top 

81.0315 
3L0310 

31.0290 
81. 0290 

•82.0468 
•32.0464 

8L0a85 
8L0290 

! 

Bottom 

Meau... 

8L0312 

8L0290 

•32. 0458 

81.0887 

, 

*  Measured  across  rimbaaes. 

m. — Hoop  after  rewwoal  of  oyUm^kr, 
if)  Interior  diameters  throoghmit. 


0.1 

23.5065 
23.5052 
23.5068 
23.5056 
23.5073 

23.5085 
23.5000 
23.5080 
23.5063 
23.5078 

28.6008 
28.5070 
23.5088 
28.6068 
23.5078 

88.8078 
88.6068 
S8.60f5 
88.8060 

28.6078 

88.6000  ' 

1.7 

88.60ii ; 

8.85 

SlMTB  ! 

6.0... 

0> 00. .... ..... . 

Means... 

88.5001  1 
88.6075 

23.5063 

23.5073 

23.5078 

88.6010 

88.0071 

{g)  Interior  diameters  at  ends. 


Top 

23.5080 
23.5075 

23.5090 
23.5080 

23.5100 
23.5080 

28.6088 

23.6078 

88.0080 

88.60n 

Bottom 

Means... 

23.5077          23.5085 

1 

23.5000 

88.6080 

88.0080 

{h)  Exterior  diameters  at  ends. 


Top 

31.0020  .        3L0010 
3L0005          31.0003 

•32.0288 
♦32.0214 

8L0000 

Bottom 

Means... 

31.0012          31.0006 

•32.0820 

8018007 

*  Measured  across  rimbasea. 

rV. — C<i9t-iro%  cylinder  No,  1. 
CO  Exterior  diameters  prepared  for  shflnkage. 


0.25 

28.5510 
23.5510 
23.5505 
23.5503 
28.5495 

23.5510 
23.5508 
23.5505 
23.5500 
23.5495 

28.5500 
23.5510 
23.5510 

88.6005         22.5088 
28L5506         88.5888 

1.86 

8.50 

6.16 

23.5503;        2S.64Wi       88.5500 
28.6490'        88.6480  1       88.5408 

6.76 

Means... 

23.55051        23.5504          23.5508          28.5600  |       88.6008 

I                 ■                 .                 : 

(/)  Interior  diameten. 


Distance 
from  top. 

Before  the 
shrinkage. 

Hoop  assem- 
bled. 

Jnehet. 
0.25 

Jnehet. 
4.4975 

4.4020 

1.85 

8.50 

6.15 

4.4972 
4.4970 
4.4970 
4.4970 

4.4918 
4.4015 
4.4020 
4.4088 

6.75 

Means. 

4.4871 

4.4010 
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IIECOEDS  or  MEASTTREHEKTS  PEBTAINUfG  TO  STBEKOTH  TEST. 
(Midcale  forged  steel  trnnnion-boop,  8  THkx— 1885.    Cast-iron  tett  eylinder  No.  2. J 

y. — ^jEToop  assembled, 
{k)  Interior  diameters  at  ends. 


Distance  from 
top. 

Diameter 
No.1. 

Diameter 
No.  2. 

Diameter 
No.  3. 

Diameter 
No.  4. 

Mean 
diameters. 

Inehsi. 
Top 

Jnehei. 
23.5808 
23.6875 

Inehei. 
23.5888 
23.5860 

Jnehet. 
23.5848 
23.6820 

Inehei. 
23.5883 
23.5868 

Inehee. 
23.5878  1 
23.5856 

Bottom 

Means  - . . 

23.5886 

23.5874 

23.5831 

23.5875 

28.5867 

(I)  Exterior  diameters  at  ends. 

Top 

81.0740 
81.0690 

31.0680 
31.0650 

♦32.0890 
♦32.0880 

81.0672 
3L0658 

Bottom 

Meanfl . . 

1 

31. 0715 

31.0666 

^32.0885 

1       31.0665 

1 

1 

*  Measured  across  rimbases. 

VI. — Hoop  after  removal  of  cylinder. 
(m)  Interior  diameters  thronchoat. 


0.1 

1.7 

3.35 

23.5360 
23.5862 
23.5378 
23.5365 
23.5326 

28.6448 
23.6465 
23.6490 
23.6478 
23.6450 

23.5468 
23.5472 
28.6600 
23.6510 
23.5630 

23.5425 
23.5435 
23.6456 
23.5442 
23.5432 

1 

2a  5426 
2a  6488 
2a  6466 

5.0 

8.60 

23.5449 
23.6434 

Means . . . 

28.6368 

28.5466 

23.5490 

2a  5438 

2a  5439  > 

1 

(n)  Interior  diameters  at  ends. 

Top 

2a  5355 
2a  5330 

2a  5440 
2a  5460 

2a  6470 
2a6526  ; 

2a  6422 
23.5422 

2a  5422 

Bottom 

2a  5432 

Means . . . 

2a  6342 

2a  6446 

2a6497  1 

2a  6422 

2a5427 

(0)  Exterior  diameters  at  ends. 


Top 

31.0248 
31.0205 

3L0270 
31.0285 

♦32. 0588          3L  0262 
♦32. 0630  1        81. 0270 

Bottom 

Means . . . 

31.0226 

3L0277 

'82.0609          3L0266 

♦Measnred  across  rimbases. 

YIl.— Cast-iron  cylinder  No.  2. 
ip)  Exterior  diameteis  prepared  for  shrinkage. 


1  -                ———— 

0.25  

1.85 

23.5980 
23. 5980 
23.5080 
23. 5980 

23.5076 
2a  6975 
23.6978 

2a  5976 
2a  6978 
23.5978 
2a  5978 
2a  6978 

28.5078 
23.5978 
23.5075 
2a  5978 
2a  6978 



2a  6076 
2a  6976 
2a  6978 
2a  5978 
2a  5978 

a50 

,  6.15 

6.75 

23.  5980          2a  6978 

Meaiis . . 

23.5980       2aarn 

2a  5978 

2a  6075 

2a  5977 

iq)  Interior  diameters. 


1 

Distance 
from  top. 

Before  the 
shrinkage. 

Hoop  assem- 
bled. 

Jnehei. 
0.6 

Inehei. 
a2450 
a  2452 
a2465 
a2462 

a24e2 

Inehei. 
a  2408 
a2402 
a  2410 
a  2412 
a  2415 

1.85 

aso 

5.15 

6.75 

Means.. 

a2458 

a  2409 

9381  OE. 
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Appendix  II. 

Experimental  trunnion-hoop  for  S-inch  steel  breech-loading  rifle. 

By  Lieut.  F.  £.  Hobbs,  Ordnance  Department. 

The  manafacture  of  a  forged  8-incli  traunion-hoop  in  tfais  country 
was,  at  the  time  the  Miilvale  Steel  Company  contracted  for  the  mann- 
factnre  of  the  tube,  jacket,  and  trunnioQ-hoop  forcings,  required  for  an 
8-incli  steel  breech-loading  ritie— more  a  matter  of  experiment  than  the 
manufactnre  of  the  tube  and  jacket.  No  forged  trunnion-hoops  had 
been  made.  Tube  and  jacket  forgings  of  smaller  size  had  been  snccess- 
fully  producd.  The  trunnion-hoops  manufactured  had  been  cast  steel 
castings,  the  physical  qualities  of  which  were  not  so  good  as  desired  by 
the  Department,  and  the  manufacturers  would  not  undertake  to  furnish 
a  casting  of  the  qualities  required.  It  is  true  an  attempt  was  made  by 
the  Midvale  Steel  Company  some  time  before  to  forge  trunnion-hoops, 
but  as  the  requirement  that  the  hoops  should  be  forged  was  not  in- 
sisted upon,  high,  physical  qualities  were  not  required,  and  the  attempt 
was  a  failure ;  nothing  further  in  this  line  was  done  until  the  Depart- 
ment pushed  the  matter.  Little  or  no  information  in  regard  to  the  qual- 
ities of  trunnion -hoops  was  at  hand,  so  in  order  to  obtain  absolutely  the 
qualities  of  a  forged  trunnion-hoop  throughout  the  mass,  to  determine 
consequently  the  average  qualities  and  what  fall  in  elastic  strength 
there  was,  if  any,  toward  the  middle  of  the  thickness  and  at  the  iMse 
of  the  trnnnious»and  incidentally  to  give  the  Midvale  Steel  Company 
some  little  experienc^e  with  that  forging  (the  trunnion-hoop),  in  respect 
to  the  manufacture  of  which  they  had  more  fear  as  to  their  ability  than 
either  the  tube  or  jacket,  the  Department  determined  in  July  last,  after 
very  full  discussion,  and  after  a  proposition  to  manufacture  both  a 
forged  and  cast  experimental  trunnion-hoop  had  been  decided  in  the 
negative,  to  direct  the  manufacture  of  a  forged  experimental  trunnion- 
hoop  of  the  size  required  for  an  8  inch  breech-loading  steel  rifle,  to  be 
left  rough  as  it  came  from  the  hammer,  except  that  it  was  to  be  boreil  to 
within  one-eighth  inch  on  a  side  of  the  finished  interior  diameter,  and, 
when  oil-tempered,  to  have  as  little  surplus  metal  as  possible,  especially  in 
the  vicinity  of  the  trunnions  and  rimbases;  an  extra  length  of  2  inches 
at  each  end  was  allowed  for  taking  test  si>ecimens  to  determine  the 
acceptance  of  the  hoop. 
Very  low  physical  qualities  were  demanded,  viz : 
In  specimens  G  inches  long  between  shoulders  and  0.564  of  an  inch  in 
diameter — 

Elastic  limit,  45,000  ])ounds  per  square  inch. 

Tensile  strength,  03,000  jmunds  per  square  inch. 

Elongation  after  rupture,  15  per  cent. 
The  results  of  the  test  of  no  one  specinien  to  be  below — 

Elastic  limit,  42,000  pounds  per  square  inch. 

Tensile  strength,  88,000  pounds  per  square  inch. 

Elongation  after  rupture,  12  per  cent. 
And  it  was  hoped  and  expected  that  much  higher  qualities  would  be 
obtained. 

Though  some  difficulty  was  experienced  in  forging  the  hoop,  the  man- 
ufacture throughout  was  very  satisfactory,  and  much  less  difficulty 
met  than  bad  been  anticipated.   It  was 'made  from  an  ingot 
about  13,000  pounds,  was  frequently  reheated,  and  when  the  operation 
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of  for<:^iug  was  couii)lete<l  varied  considerably  on  the  exterior  from  the 
reqaired  dimensions  ;  so  much,  in  fact,  that  before  treatment  metal  was 
cut  from  it  in  the  vicinity  of  the  rimbases.  After  this  operation  and  the 
lou^jfh-boring  it  was  of  the  dimensions  shown  on  the  sketch  herewith: 


'</0-^ 


<-  /3'd  --^ 


1 
1 

1 

1 

■ 

1" 

• 

1 

1 

• 

1 

1 

■ 

•*-  /3.6'-  ^ 


The  forging  was  anuosaled  at  a  high  heat  before  oil-tempering,  and 
at'trr  that  operation  was  again  annealed  at  a  lower  temperature. 


On  acceptance  the  hoop  was  shipped  to  Lieut.  R.  Birnie,  jr.,  at  the 
works  of  the  West  Point  Foundry  Association,  at  Cold  bpring,  N.  Y., 
where  it  was  to  be  cut  up  and  thoroughly  tested,  both  by  further  ma- 
(liine  tests  and  by  shrinkage  tests. 
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SHRINKAGE  TESTS. 


riNlSHCD  DIM£N3I0N^  Or  HOOP:    d  7H  £X'/a6S. 


PLATE  II. 
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Appendix  27. 


Bt  Capt.  Roobrs  Bibnib,  Ja.,  Ordhaxce  Dbpartmbnt. 

Wbbt  Point  Fotthdbt, 
Gold  Spring,  N.  Y.,  January  23, 1886. 

GBNBB4L:  I  have  the  hODor  tx>  report  herewith  the  resnits  of  teasile 
tests  of  specimens  taken  longitudioally  from  gnn-hoop  Bx  following  its 
nee  in  shrinkage  testa.  The  experiment  was  directed  by  yonr  letter 
tiated  September  2, 1885,  and  the  specimens  were  tested  upon  the  United 
States  testing-maciiine,  Watertown  Arsemil,  Massachasetta. 

Longitudinal  strength  of  oil-tempered  and  annealed  roHed-st«el  gun- 
Iioops.  The  test  specimens,  three  in  number,  were  taken  near  together 
I  brough  the  length  of  the  hoop,  one  oatside,  one  middle,  and  one  inatde 
(8ee  sketch  accompanying  records  of  tests  herewith).  The  hoop  fix 
was  one  of  the  original  lot  made  by  the  Midvale  Steel  Company  for  the 
construction  of  8-inch  breech-loadiug  steel  rifle  No.  1  (doable- hooped), 
and  before  these  longitudinal  specimens  were  taken  had  been  nsed  in 
the  construction  of  an  experimental  section  of  that  gun.  (See  Notes  on 
the  Construction  of  Ordnance,  No.  32.)  The  operations  of  the  shrinkage 
tests  are  known  to  have  somewhat  degraded  the  tangential  strength 
of  the  metal,  and  whilst  it  is  unknown  whether  or  not  the  longitndinal 
strength  was  similarly  affected,  yet  it  seems  proper  in  making  a  com- 
piirison  of  the  tangential  and  longitudinal  strength  to  consider  the  re- 
eiiXtB  of  tests  made  ander  identical  conditions  of  the  metal.  Hence  we 
will  take  the  present  results  to  compare  with  the  three  given  in  Table  I, 
Note  32,  viz:  "Bhoop,  by  tension,  after  the  hooping." 

The  following  table  gives  a  summary  of  the  results  derived  from  the 
present  tfists  and  a  comparison  of  the  mean  results  with  those  of  the 
three  tangential  specimens  named  above  : 
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We  note  that  the  average  ]iroperties  of  the  metal,  as  determined  bj 
the  tensile  tests  of  longitiuliual  specimens,  are:  Elastic  limit,  47,000,  and 
ultimate  resistance,  98,9G0  ponnds  per  square  inch  ;  elon^tion,  per  inch 
at  the  elastic  limit,  1.811  thousandths  per  linear  unit,  and  ultimate  elon- 
gation (for  a  3-inch  specimen),  18.11  per  cent.  Compared  with  the  tests 
of  specimens  taken  tangentially,  the  falling  off  in  the  load  supported  per 
square  inch  varies  from  8  to  11  per  cent,  for  relative  extensions  between 
1.3  and  1.G5  thousandths,  and  for  the  load  which  determines  the  elastic 
limit  the  loss  is  15.5G  per  cent.  The  elongation  at  this  limit  is  nearly 
the  same  in  the  two  cases,  giving  at  this  point  a  much  reduced  modnlos 
of  elasticity  for  the  longitudinal  specimens,  but  for  smaller  exteusioos 
the  difference  in  the  modulii  is  less  marked.  The  ultimate  elongation  of 
the  longitudinal  specimens  shows  a  higher  per  cent,  than  the  tangen- 
tial, but  the  former  si>ecimens  were  but  one-half  the  length  of  the  latter; 
yet  this  ultimate  extens:on  of  the  longitudinal  specimens  reverts  nearly 
to  that  given  bv  tangential  specimens  of  the  original  metal.  (See  speci- 
mens EBj:4  O  and  llBx2 1,  Table  I,  Note  32.) 

If  we  compare  these  results  of  longitudinal  tests  with  the  tangential 
tests  of  the  original  metal  (see  Table  1,  cited  above)  we  find  that  the  fall- 
ing f)ffof  the  load  at  the  elastic  limit  is  about  20  per  cent.,  and  in  the 
ultimate  resistance  about  4  per  cent.  The  loss  in  load  for  given  ex- 
tensions within  the  elastic  limit  varies  from  13  to  10  per  cent.  Since 
the  tendency  of  the  shrinkage  is  to  shorten  the  length  of  the  hoop,  it 
may  be  doubted  whether  there  was  any  loss  in  the  longitudinal  strength 
of  tbis  metal  attendant  upon  the  shrinkage  operations;  but,  however 
this  may  be — and  it  remiiius  to  be  proved  by  comparative  tests  of 
metal  in  its  original  state — we  may  conclude  from  the  present  experi- 
ment that  the  elastic  strength  of  rolled-steel  hoops,  oil-tempered  and 
annealed,  is  not  more  than  20  per  cent,  less  in  the  direction  of  the  length 
than  in  the  dire(ttion  of  the  tangent  which  corresponds  to  the  principal 
direction  of  the  liber  elongation  due  to  the  rolling,  and  we  may  an- 
ticipate at  least  e(]ually  g<M)d  results  from  hammered  hoops.  The  differ- 
ence in  ultimate  striMigtb  in  favor  of  the  tangential  tests  appears  also  to 
be  not  greater  than  .">  percent.  The  elastic  and  ultimate  elongation  in 
the  direction  of  the  length  of  the  hoop  compares  favorably  with  similar 
properties  determined  for  the  direction  of  the  tangent. 

Constant  reference  has  here  been  made  to  the  tangential  strength  of 
the  metal  with  a  view  to  determining  a  rule  for  estimating  the  longitu- 
dinal strength  from  the  results  of  tangentinal  tests,  these  being  the  tests 
usually  made ;  moreover,  the  taking  of  longitudinal  specimens  is  not 
expedient  in  view  of  the  relatively  large  portion  of  the  hoop  that  would 
then4>y  be  sacrificed. 

Very  respectfullv  vour  obedient  servant, 

R.  BIRNIE,  Jr., 
Lieutenant  of  Ordnance. 

The  Chief  of  Okdnance,  U.  S.  A., 

Waahifigton,  D.  (7. 
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Report  of  mechanical  tests  made  with  the  United  States  testing-machine, 
capamty  800,000  pounds^  at  Watertown  Arsenal,  Massachusetts,  Novem- 
ber 0,  1885, /or  the  Ordnance  Department,  U.  8.  A,,  Washington,  D,  C 


TK8T8   BY  TENSION, 


Tlii«?e  Specimens  tukeu  longitudinally  from  hoop  Bx,  8-iuch  steel  B.  L.  rilie,  subse- 
quent to  use  in  experimental  section. 
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REPORT  ON  WINDING  AND  DISMANTLING  AN  EXPERIMENTAL   WIRE 

WOUND    GUN  CYLINDER. 

By  Lieut.  Wiluam  Crozier,  Ordnance  Department, 

1 1  plate.] 

The  experiment  consisted  in  winding  with  steel  wire  a  cylinder  cut 
from  the  breech  end  of  the  casting  for  tSe  10-inch  cast-iron  breech-load- 
ing rifie,  wire-wound,  and  afterwards  soldering  together  the  wires  thus 
wound,  so  as  to  represent  a  section  of  the  gun  through  the  powder- 
cliamber,  with  this  exception,  that,  whereas  the  diameter  of  the  powder- 
chiiinber  of  the  gun  is  10.85  inches,  that  of  the  experimental  cylinder 
was  11  inches,  the  compound  cylinder  thus  foriried  being  subsequently 
disiiuintled  by  cutting  through  the  wire  jacket  along  a  meridian  plane. 

The  wire  used  was  of  square  cross-section,  .15  inch  on  a  side,  and 
was  coated  with  tin  after  the  last  drawing.  It  was  drawn  at  the  Tren- 
ton Iron  Works,  of  Trenton,  N.  J.,  from  billets  furnished  by  the  Otis 
8t(M*l  Works,  of  Cleveland,  Ohio.  The  physical  qualities  were  not  as 
nuil'orm  as  could  have  been  desired,  especially  the  quality  of  ductility, 
but  in  most  of  the  specimens  tried  the  latter  was  sufficient  to  permit  the 
V.  ire  to  be  wound  around  a  cylinder  of  diameter  equal  to  the  diagonal  of 
its  section.  It  also  contained  numerous  defects  of  a  more  serious  nat- 
ure, which  at  times  caused  it  to  break  with  a  peculiar  conical  fracture, 
the  fractured  surfaces  oftentimes  showing  not  more  than  one-third  of 
tlie  sectional  area  to  be  of  good  metal.  None  of  these  breaks,  however, 
oeeurred  during  the  actual  process  of  winding  the  cylinder. 

The  dimensions  of  the  parts  are  shown  in  the  drawing,  Plate  I,  Fig.  1. 

The  immediate  objects  of  the  experiment  were  to  determine — 

( 1 )  Whether  reliance  could  be  placed  on  the  formulas  giving  the  nor- 
mal pressure  of  a  cylinder  of  wire  wound  with  known  tension  upon  an 
interior  tube. 

{'2)  Whether  the  means  proposed  would  properly  solder  together  the 
coils  of  such  a  wire  cylinder. 

('^)  The  effect  of  the  soldering  operation  upon  the  tensions  of  the  coil 
and  the  physical  qualities  of  the  materials. 

(4)  The  effect  upon  the  physical  qualities  of  the  core  of  the  pressure 
produced  by  the  wire. 

From  all  of  which  to  determine  the  proper  tension  for  winding  the  gun. 

Tlie  physical  qualities  of  the  cast  iron  and  of  the  wire  used,  adopted 
from  consideration  of  the  free  tests  of  the  metals,  were  as  follows : 

CAST  IRON. 

pounds. 

Modnlns  of  elasticity 18,000,000 

FlmticlimitJ  under  extension 15,000 

t.UB\w  limit/  ^jj^gj.  compression 22,400 

STEEL  WIRE. 

Modulus  of  elasticity -. ..- 27,000,000 

Elasticlimit '. — 100,008 
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REPORT  ON  WINDING  AND   DISMANTLING   AN  EXPERIMENTAL   WIRE 

WOUND    GUN  CYLINDER. 

By  Lieut.  Wiluam  Crozier,  Ordnance  Department. 

1 1  plate.] 

The  experiment  consisted  in  winding  with  steel  wire  a  cylinder  cut 
from  the  breech  end  of  the  casting  for  the  10-inch  cast-iron  breech-load- 
ing rifle,  wire-wound,  and  afterwards  soldering  together  the  wires  thus 
wound,  so  as  to  represent  a  section  of  the  gun  through  the  powder- 
cliamber,  with  this  exception,  that,  whereas  the  diameter  of  the  powder- 
chiimber  of  the  gun  is  10.85  inches,  that  of  the  experimental  cylinder 
was  11  inches,  the  compound  cylinder  thus  formed  being  subsequently 
dismantled  by  cutting  through  the  wire  jacket  along  a  meridian  plane. 

The  wire  used  was  of  square  cross-section,  .15  inch  on  a  side,  and 
was  coated  with  tin  after  the  last  drawing.  It  was  drawn  at  the  Tren- 
ton Iron  Works,  of  Trenton,  N.  J.,  from  billets  furnished  by  the  Otis 
Steel  Works,  of  Cleveland,  Ohio.  The  physical  qualities  were  not  as 
niiiform  as  could  have  been  desired,  especially  the  quality  of  ductility, 
but  in  most  of  the  specimens  tried  the  latter  was  sufficient  to  permit  the 
V.  ire  to  be  wound  around  a  cylinder  of  diameter  equal  to  the  diagonal  of 
its  section.  It  also  contained  numerous  defects  of  a  more  serious  nat- 
ure, which  at  times  caused  it  to  break  with  a  peculiar  conical  fracture, 
the  fractured  surfaces  oftentimes  showing  not  more  than  one-third  of 
tlie  sectional  area  to  be  of  good  metal.  None  of  these  breaks,  however, 
oi'curred  during  the  actual  process  of  winding  the  cylinder. 

The  dimensions  of  the  parts  are  shown  in  the  drawing,  Plate  I,  Fig.  1. 

The  immediate  objects  of  the  experiment  were  to  determine — 

( 1 )  Whether  reliance  could  be  placed  on  the  formulas  giving  the  nor- 
null  pressure  of  a  cylinder  of  wire  wound  with  known  tension  upon  an 
interior  tube. 

('2)  Whether  the  means  proposed  would  properly  solder  together  the 
coils  of  such  a  wire  cylinder. 

(3)  The  effect  of  the  soldering  operation  upon  the  tensions  of  the  coil 
and  the  physical  qualities  of  the  materials. 

(4)  The  effect  upon  the  physical  qualities  of  the  core  of  the  pressure 
l)r()(luced  by  the  wire. 

From  all  of  which  to  determine  the  proper  tension  for  winding  the  gun. 
The  physical  qualities  of  the  cast  iron  and  of  the  wire  used,  adopted 
from  consideration  of  the  free  tests  of  the  metals,  were  as  follows: 

CAST  IRON. 

pounds. 

ModuluBof  elasticity 18,000,000 

Fl'isticlimitJ  under  extension 15,000 

I'.iastio  limit/  under  compression 22,400 

STEEL  WIRE. 

Moclulus  of  elasticity -,..«..... 27,000,000 

Elastic  limit .' — 100,009 
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One  of  the  difficulties  attending  the  application  of  formalas  to  the 
dednction  of  the^cbanges  of  dimensions  of  a  body  ander  stress  is  the 
selection  of  the  proper  modulus  of  elasticity  of  the  material.  In  mak- 
ing the  preliminary  calculations  for  this  experiment  the  modalns  of  the 
cast  iron  was  taken  as  15,000,000  pounds,  being  the  valae  resaltingfton 
the  changes  of  length  of  a  specimen  under  tensile  stresses  approaclung 
in  intensity  its  assumed  elastic  limi^  this  for  the  reason  that  it  was 
intended  to  use  this  value  in  compuniog  the  strains  in  the  gnn  both  at 
rest  and  under  fire,  and  it  was  considered  desirable,  in  order  to  insaie 
the  safety  of  the  structure,  to  have  the  assumed  modulus  too  low  rather 
than  too  high. 

It  is  apparent,  from  an  inspection  of  the  copy  hereto  appended  of  the 
record  of  the  comi)reHsion  test  of  the  cast  iron  from  this  gnn,  that 
15,000,000  pounds  is  too  small  a  value  to  be  used,  and  that  18,000,000 
pounds,  which  was  obtained  by  subtracting  from  each  successive  com- 
pression per  inch  the  corri8)>onding  successive  permanent  set  for  all 
loads  from  13,000  to  25,000  pounds  per  square  inch  inclnsive,  and  di- 
viding 1,000  by  tbe  mean  of  them,  is  as  fair  a  one  as  can  be  takeo. 
(See  Appendix  A.) 

The  value  (27,000,000  pounds)  for  the  wire  was  obtained  in  the  same 
way,  the  limiting  loads  being  20,000  pounds  and  40,000  pounds  per 
square  inch,  these  being  the  approximate  limits  of  its  strains  in  the  ex- 
periment.   (See  Apx)endix  B.) 

Neither  metal  shows  a  well-defined  limit  of  elasticity  (cast  iron 
rarely  does),  and  the  shape  of  the  pieces  of  wire  tested,  they  having 
been  previously  wound  nround  a  mandrel,  caused  them  to  take  a  set  in 
straightening  under  low  t*^nsion.  The  special  elasticity  of  this  wire 
would,  however,  undoubtedly-  reach  100,000  pounds,  and,  as  will  be  seen, 
it  is  superabundantly  strong  for  the  purposes  of  this  experiment. 

In  the  following  pages  the  effects  upon  the  core  of  the  normal  press- 
ures produced  by  the  wire  are  computed  by  the  formulas  of  Glavarino 
(Notes  on  the  Construction  of  Ordnance,  No.  G),  and  also  by  those  of 
Lieut.  Rogers  Birnie,  jr.,  Ordnance  Department,  D".  S.  A.  (Notes  on  the 
Construction  of  Ordnance,  No.  35).  Tiie  latter  formulas  differ  from  the 
former  in  that  they  do  not  consider  any  pressure  as  acting  npon  the 
ends  or  faces  of  the  cylinder.  The  assumption  of  Glavarino  that  the 
normal  pressure  on  the  exterior  cylindrical  surface  acts  also  on  the  ends 
is  evidently  not  applicable,  and  the  results  obtaine<l  from  bis  formulas 
are  given  here,  because  the  formulas  have  been  previously  UBeA^  and  an 
opportunity  is  thus  afforded  for  comparison. 

The  formulas  giving  the  tensions  in  the  wire  coil  and  the  pressures 
produced  by  it  are  mainly  those  of  Mr.  James  A.  Longridge,  as  given 
in  his  ^'Treatise  on  the  Application  of  Wire  to  the  Construction  of  Ord- 
nance.'^  It  is  thought,  however,  that  the  deductions  here  given  are 
more  easily  comprehended  than  those  in  Mr.  Longiidg^s  valuable 
though  somewhat  labyrinthine  work. 

.  Application  is  also  made  of  Clavarino's  idea  of  extensions  to  the  state 
of  the  wire  coil,  and  formulas  are  deduced  showing  tbe  extension  of 
the  wire  at  all  points. 

The  computations  referring  to  the  state  of  the  core  and  coil  with  the 
system  in  action  are  reserved  for  consideration  in  a  fntnre  report. 

DETEBMINATION  OF  XHE  PROPER  EXTERIOR  PRESSURE  ON  THE  COBB. 

In  determining  this  point  it  must  first  be  decided  what  is  to  be  the 
amount  of  strain  that  the  cast  iron  shall  be  subjected  to  at  the  plaee 
where  it  is  greatest,  viz,  at  the  bore.  This,  it  is  known,  should  be  ss 
great  as  is  consistent  with  the  preservation  of  the  inte^ly  of  the 
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metal — that  is,  with  the  preservation,  animpaired,  of  its  qualities — it 
being  assumed  that  the  thickness  of  the  wire  cylinder  has  been  made 
sufficient  to  produce  such  a  degree  of  strain.    For  the  present  we  will 
assume  this  maximum  strain  to  be  the  previously  selected  limit  of  elas- 
ticity of  the  metal. 
Let  us  adopt  the  following  nomenclature: 
Ro=interior  radius  of  cast-iron  cylinder. 
Ei=exterior  radius  of  cast-iron  cylinder. 
Ri= exterior  radius  of  wire  cylinder. 

Pi^= normal  pressure  per  square  inch  upon  the  cast-iron  cylinder 
when  the  winding  is  completed. 

^'/=the  same  after  the  application  of  7  layers. 
?/'/'=the8ame  after  the  application  of  18  layers. 
»/'/''= the  same  after  the  application  of  29  layers. 
0o=liQ}it  of  elasticity  of  cast  iron  under  extensions  15.000  pounds. 
Po=liniitof  elasticity  of  cast  ironundercompression=:23,400pounds. 
0i=limit  of  elasticity  of  wire  under  extension =100,000  pounds. 
T=the  constant  tension  of  winding. 
Eo=modulus  of  elasticity  of  cast  iron =18,000,000  pounds. 
E,= modulus  of  elasticity  of  wire=27,000,000  pounds. 
We  will  first  detennine  the  exterior  normal  pressure  necessary  to 
produce  at  the  bore  the  strain  above  mentioned,  and  then  the  tension 
of  winding  required  to  give  this  pressure. 
We  have  the  following  equations: 

From  Clavarino-^ 

d  JRo_  1      Pi'  Bi*  _  ^0  _      oorww.^  (9\ 

CJRo_      1      2  Px^  Bi»__     po        .      001544 


(10 


From  Bimie 


I  d  JRo      1     2      P/  Bi'  _0o  (uuMi^i  fo/\ 

I  TW'Ei  '  3  *  Hr*^:W""Eo     ~  •    •    (-) 


In  which  the  first  members  of  (1)  and  {V)  represent  the  relative  dis- 
tortion (that  is,  distortion  per  unit  of  length)  of  the  metal  at  the  sur 
face  of  the  bore  in  a  tangential  direction.  This  being  shown  by  the 
ne^i^ative  signs  affecting  the  second  members  to  be  a  contraction,  the 
second  members  are  placed  equal  to  the  flowed  limit  of  contraction. 
The  first  members  of  (2)  and  (2')  represent  the  rate  of  distortion,  in  a 
radial  direction,  at  the  same  surface;  the  signs  of  the  second  members 
showing  them  to  be  rates  of  elongation,  they  are  placed  equal  to  the 
allowed  relative  elongation. 

*  From  (1)  and  (2)  values  of  P/  can  be  deduced,  the  least  should  be 

taken.     It  is  evident  that  it  will  be  obtained  from  (1),  since -^A)<0O' 

Solving  (1): 

P/=^  ,  ^^'~f'%o=  11,590  pounds (3) 

P,'=^  ,      ^  ^t     A)=  9,663  iwunds (3') 

*  In  the  followiug.  tho  descriptions  of  the  operations  will  be  iriveii  for  Clavarino's 
formuLis  only,  bat  they  will  bo  e^oaUy  applicable  to  those  of  Simie,  which  are  cor- 
respondingly numbered,  with  distingnisbing  marks  over  the  namben. 
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DETERMINATION  OF  TENSION   OF  WINDING. 

The  above  pressure  could  be  produced  by  wiuding  iu  an^'  one  of  sev- 
eral different  ways.  That  which  would  appear  at  first  sight  to  be  most 
desirable  is  the  one  which  wouhl  insure  that  no  part  of  the  wire  should 
be  overstrained  under  fire  by  causing?  it  to  be  strained  UDiformlj  through- 
out its  mass  when  the  ^un  is  subjected  to  the  greatest  interior  powder- 
pressure  which  it  is  designed  to  resist.  But  subsequent  examiuatioo 
will  show  that  so  much  care  is  not  necessary  with  this  gun ;  the  amoant 
of  wire  is  so  largely  in  excess  of  what  would  be  necessary  in  order  that 
it  should  do  its  share  of  the  work,  that  although  the  strains  under  fire 
may  be  by  no  means  uniform,  the  greatest  to  which  it  is  subjected  will 
be  much  within  the  limit  of  its  elastic  strength.  And  since  it  is  a  fact 
that,  as  long  as  the  radii  of  the  cylinders  remain  the  same,  the  strains 
due  to  firing  will  Ix*  tranHmifted  in  the  same  way,  no  matter  what  may 
be  the  previously  existing  strains  provided  always  that  the  limit  of 
elasticity  is  nowhere  passed),  we  know  that  the  state  of  the  core  will  not 
be  affected  by  the  method  of  wiuding  selected,  and  we  are  allowed  some 
liberty  in  selecting  the  most  convenient.  This,  of  course,  is  to  wind  with 
uniform  tension,  and  anticipating  a  little,  by  assuming  that  it  will  fulfill 
the  condition  of  absence  of  overstrains  in  the  wirt^  under  fire,  we  may 
proceed  to  deduce  that  which  will  produce  upon  tiie  core  the  pressure 
Pi'  already  dedu«:e(l. 

Supi>ose  the  winding  to  be  finished  to  a  nidius  r,  producing  a  press- 
ure on  the  core  j)i,  and  then  to  be  continued  to  any  other  radius  ri,  the 
pressure  on  the  core  changing  to  pi^  the  additional  winding  will  aJso 
produce  a  pressure  at  r  which  denote  by />i;  then,  since  the  contact  sur- 
faces of  the  core  and  coil  I'emain  in  contact,  equating  the  expressioDS 
for  the  change  of  radius  of  these  surfaces  (Notes  on  the  Gonstraction 
of  Ordnance,  No.  35),  we  have 

(Kr-hV)Ko        "■       "       (>•=-*- K,2)'E,'"         -    •    •    W 
solving,  with  res[>ect  toy>i'— /;i, 

"  Ko  (Hr-lV)>-^J>, ,R. 

Supposiuj;  now  r  to  be  the  mean  tousion  of  tlie  wires  between  r  aad  r*, 

-( >•'—'■)     1. 
Pt=  ■    ,.  ip) 

substituting  this  vjilac  for  yv  in  (B),  dividiii};  by  r' — r,  and  redociugthe 
(leuomiuator 


/>,'-p,_  (n<:„(lJ,--li„=)r»- 

n^'iix/'+L' i.vj+4  K„"(i{V-- IV)  1 


"ir-R.*)  i 


passing  to  the  limit  of  botli  meiuber.s  by  inakiu;;  ri=r,  which  amonnts 
to  a  sufcossive  unwiiKliiur  of  the  lavors  oxterior  to  r: 


^dPi 


dr 
limit  of  second  member=  the  same  with  T  substituted  f6r  r,  Binoslv 
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takiug  off  all  the  layers  exterior  to  r,  r  becomes  the  tension  of  winding* 
therefore 

dPi_  6  Eq  (Ri»— Ro»)  Tr  _ 

d  r  -[E,  (4  Ro''+2  R,»)+4  Eo  fR,'— Ro'')J  r^— E,  R,«  <"> 

(4  Ro*+2  R,')+Eo  2  K,'  (R,»— Ro») 

miiltiplyini;  by  d  r,  and  integrating  between  the  limits  r  and  Rj, 

3E«  (Ri'— Bo')  T 

^'-  E,  (4lV+2  R,»)+'4  E„  (R,»— Ko') 

,,R,'[H:.(4R'+2Ri')+4Eo(R,-'— IV))— Ri'[Ei(4Ro'+2Ri')-E»»(I{,'— IV)| 
r-fE,(4K^+:iK,'=)+4E„(K,'— IV)[— R,»]Kj(4Ro'+2R,»)— Bo''(Ri'— IV)] 

wliicli  gives  the  pressure  on  the  surface  of  the  core  prodaced  by  wind- 
ing from  r  to  Rj.     By  making 

.E,.    R.^+Ro»  _  E,-Eo 
'^     Eo     R,^— R,"  3"Eo 

and  R» 

this  can  be  placed  under  the  form 

„=     T        Oi+l)nM/J-l) 

P'      J+l      (,J+l)r»      ;^   ■ " (B) 

making  in  this  r  =  Hi,  we  have 

'•  -y+i  '         2  (*^) 


solving  (F)  with  respect  to  T, 

T) 


P,' 


T=     1     ,  (,-f+l)w^-(/?-l) 

A+1  '    '2 

which  is  tl'.e  foriiuila  sought.     Sabstitnting  the  value  of 


(4) 


/y=  1.810284,  n2=  1.8779  and  P,>  from  (3) 

T=40r)o4  (5) 

T=33795  (50 

We  thus  see  that,  if  tliere  were  no  initial  strains  in  tlie  cylinder,  tlie 
limit in^i:  compressi  )ii  of  the  bore  would  be  obtained  by  a  tension  of 
wiiulin;^^  of  40,554  pounds  per  square  inch,  according  to  Clavarino, 
whilst  accor(lin<j^  to  Biriiie  one  of  only  33,795  pounds  would  be  required ; 
results  which  ditl'er  sufficiently  to  emphasize  the  necessity  for  selecting 
the  proper  method  of  deduction.  And  it  may  here  be  stated  that  the 
error  in  Clavarino's  assuuiptionswill  be  more  prominently  shown  in  the 
computations  incident  to  the  construction  of  wire  guns  than  in  those 
relating  to  guns  which  are  built  up  by  shrinkage,  because  the  same  er- 
ror enters,  with  the  latter,  in  comx)ating  both  the  normal  pressures  pro- 

*  I  denotes  the  Naperian  logarithm. 
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duced  by  the  shrinkages  and  the  distortions  prodaoed  by  these  pns»- 
nres,  with  counterbalancing  effect. 

DETERMINING  STATE  OF  INITIAL   TENSION  OF  CYI«Un>BR. 

But  the  condition  of  absence  of  initial  strains  in  the  cylinder  is,  {vn- 
sumably ,  not  fulfilled.  The  gun  having  been  cast  breech  downward  and 
cooled  trom  the  interior,  after  the  Rodman  plan,  the  inner  layras  should 
be  in  a  state  of  compression,  gradually  decreasing  and  changing  to  ex- 
tension as  we  proceed  outwanl,  this  extension  increasing  until  a  sur- 
face is  reached,  where,  owing  to  unavoidable  cooling  from  the  exterior, 
it  commences  to  decrease  and  becomes  again  compression  at  the  outer 
surface.  So  that  the  initial  state  may  be  approximately  represented  bj 
the  curved  line  in  the  annexed  figure— distances  measured  above  the 
horizontal  line  representing  extensions,  those  measared  below  it  ooi- 
tractions. 

Fia.  1. 
Hlmtrating  initial  state  of  cylinder. 


And  the  final  state  of  the  cylinder,  after  winding,  wonld  be  lepn- 
seuted  by  a  curve  whose  ordiuates  should  be  the  algebraic  Sams  of 
those  of  the  above  curve,  and  of  a  curve  showing,  at  the  different  ood- 
centric  surfaces,  the  coutractions  due  to  the  pressure  of  the  wire. 

To  determine  the  form  of  the  initial  tension  curve  and  the  ^^ae  of 
its  ordinates,  a  ring  was  cut  from  the  portion  of  the  sinking  head  of 
the  gun  immediately  adjoining  that  from  which  the  trial  cylinder  wae 
taken.  This  ring  was  scored  with  concentric  circles  about  1  inch  apart, 
whose  diameters  were  measured;  it  was  then  finished  to  the  radid 
dimensions  of  the  trial  cylinder  and  the  diameters  of  the  cirelee  again 
measured.  In  this  state  it  had  the  initial  condition  of  the  trial  cylii- 
der.  It  was  then  cut  into  concentric  rings  a  little  less  than  1  inch  in 
thickness, by  cutting  midway  between  the  scored  circles;  after  whick 
the  diameters  of  the  circles  were  a  third  time  measured,  the  changes 
of  dimensions  indicating  the  amount  and  character  of  the  straioB  to 
which  the  small  rings  were  subjected  before  being  cut  apart. 

The  dimensions  were  measured  with  great  care  on  four  different  diame- 
tei*8  making  e<iual  angles  with  each  other. 

The  form  of  the  ring  and  the  positions  of  the  circles  and  onta  an 
shown  on  Plate  1,  Fig.  2.  The  means  of  the  measarementSy  and  the 
results  deduced  from  them,  are  given  in  the  following  table. 

Tlie  +  sign  preceding  the  value  of  the  force  necessary  to  restore  a 
ring  to  a  former  size  indicates  that  the  force  is  one  of  extension ;  the  — 
sign  that  it  is  of  compression. 

The  force  necessary  to  restore  a  ring  to  a  former  size  is,  natorally,  the 
force  to  which  it  was  subjected  in  the  previous  state. 
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From  the  horizontal  line  in  the  table,  giving  the  values  of  the  foiw 
per  square  inch,  necessary  to  restore  the  rings  to  their  original  sizes,  is 
constructed  the  curve  in  Fig.  2.  It  represents  the  state  of  tension  ot 
th<»  ring  as  cut  from  the  sinking  head. 

From  the  last  line  of  the  table  is  constioicted  the  curve  in  Fig.  3. 
It  is  the  one  of  which  we  are  to  make  use,  and  which  was  guessed  at 
in  Fig.  1. 


Fig.  2. 
Initial  state  of  rough  ctntting, 

^^Sm  too  Oils. 


o,      -- 


^: 


% 


^  : 


■:-t 


. _/*<*  Circle^ 

2*:f....^ 

c?.'.'. 

..-«'• 


"4 


set. 


.ffC*. 
\.-'0t*. 


Fig.  3. 
Initial  ntate  of  trial  cylinder. 


3eale  of    T£N3*0^ 
.OgSm  fooo/if. 


EFFECT  OF  PRESSURE  OF  WIRE. 


The  ecjuation  of  the  curve  of  relative  compressive  stresses  ncceti;sary 
to  produce  in  free  specimens  the  strains  produced  at  the  diflferent  radii 
by  the  pressure  of  the  wire  Pi^  is: 


Jr 


-  E,  = 


Jr 


Eo  = 


»>    I>  I  1^  2  x  •>  "R  «N 


in  which  r  represents  any  radius,  and  the  tirst  member  represents  the 

rehitive  compressive  stress  at  distance  r  from  the  axis  of  the  bore.    A«- 

Jr  -m 
sigfiing  values  to  r,  we  deduce  values  as  follows  for-—  -"^j 

/^fl^^Eo=— 22,400  imunds  (6)^= -22,400  ponnds  («*), 
r=K„ 

^r^./'EoW-  10,537  iKHinds  {3)b=-  20,015  pounds  (0')^ 
r=G 
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{-[^'\  Ko=-   \r>,:A3  i)Ouiuls  (G)e=  — 10,686  pouucls  (6'), 


r=t 


r 


Ko^=  - 11,172  pouiKU  (6)d=-i:M)44  poumi8(60d 


r=l) 


r 


Eo^=—  S,900  pounds  (0),.=  — 1 1,200  pounds  (6% 


r=n 


r^^^Eo^=-  7,688  pounds  (6)^=- 10, 131)  pounds  (6')f 


r=  13 


■Jf 


"  Eo  )=  -  6,038  pounds  (6)g=—  9,515  pounds  (6')g 
r  =  14.85 

From  which  we  constiuct  the  curve  below: 

EiG.  4. — State  of  cylinder  due  to  pressure  of  wire. 


Combining  Fi^c.  1.  and  Fig.  3,  we  obtain — 
l^^uj.  ',, — ,S((ite  of  cylinder  due  to  initial  tension  and  pressure  of  wire. 


I 


2J6JO 


tV//f£  _♦ 


satB 


i  ■  '  i  I  .-j^T'  I  '  I  '  I  I  I  '  I  ■  ■  M  ■  )  '  I  1 1  I  I  I  1  1 1 1 1  I  1  1  I  1  i  1 1 

S  /O  IS  20 


From  which  wo  sec*  that  the  total  <*ompressive  force  at  the  bore  wonhl 
Ix'  LNiji^M)  jiounds.  instead  of  22,400  pounds;  and  if  it  were  intended 
ill. It  this  total  i)nssure  shouhl  not  exceed  the  assumed  limit,  22,4(M) 
ixmnds,  then,  evidently,  the  initial  compression,  4,200  pounds,  should 
tirsr  be  subtracted  from  22,400  pounds,  and  the  remainder  substituted 
for/^o  in  (1).  from  which  to  deduce  Pi^ 
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It  being  the  opiDion  of  some  learned  in  the  science  of  onlnance  ooo- 
struction  that  an  initial  over  compression  of  the  boro  improves  the 
qnalitiesof  the  metal  andis  advantageous,  the  selected  limit  of  compres- 
sion becomes  a  matter  of  judgment.  Perhaps  the  only  safe  rule  that 
can  be  laid  down  is  that  it  shouhl  never  be  carried  beyond  tbo  point  at 
which  the  free  test  shows  an  evident  breaking  down  of  the  metal. 

WINDING  OP  TRIAL  CYLINDER. 

In  accordance  with  the  desire  of  the  inventor,  Dr.  W.  E.  WoodbridfEe, 
the  wire  was  applied  to  the  trial  cylinder  under  a  tension  of  4O,ui)0 
pounds  per  square  inch,  or  900  i>ounds  on  the  wii-e. 

In  order  to  more  thoroughly  test  the  formulas,  the  faces  of  the  cyl- 
inder were  scored  with  concentric  circles  of  the  following  radii :  IM 
inches,  10.17  inches,  12.5  inches,  14.4  inches,  14.7  inches,  at  which  the 
decrease  of  diameters  was  noted.  And  in  addition  to  the  measaremeDts 
taken  after  the  winding  was  completed,  the  bore  was  measared  after 
the  application,  respectively,  of  7,  18,  and  29  layers  of  the  wire,  or  after 
the  winding  was  completed  to  radii  of  15.85,  17.5,  and  19.1  inches. 

All  the  measurements  were  taken  by  Mr."  J.  E.  Howard,  the  operator 
of  the  testing  machine  at  this  arsenal,  and  his  assistant,  Mr.  Litch- 
field -y  and  from  the  excellence  of  the  appliances,  the  number  of  mea^ 
urements  taken,  and  the  great  care  exercised,  as  well  aa  the  skill  of 
the  operators,  the  results  can  be  received  with  a  confidence  not  always 
attainable  in  experiments  of  this  kind. 

A  record  of  all  the  measurements  taken  is  appended.    (Appendix  C.) 

CUANGES  OF  DIMENSIONS   DUE   To  WINDING. 

We  will  now  proceed  to  deduce  the  changes  of  dimensions  dae  to 
the  application  of  the  wire  under  a  tension  of  40,000  pounds  per  sqaare 

inch. 

After  winding  7  layers : 

Making,  in  (F),  T  =  40,0(»,  and  n»  =  ^^^  =  [.056605*] 

¥^1^  =  2,542.1  pounds 

then,  from  (0),     -^^0^^.  ,002727,  and  JEo=-'^W^^    ....    (7) 

^^"=—".00032724,  and  J  Ro=— ''.0018    .     .     .    (7') 


w2=\y;^"= [.142623] 


After  winding  18  layers : 

17.52 

y^"=(>,202.9  lbs. 


"=— ''.0(MMJ(>542,  J  Ko=— ".00305    ....    (8) 
-^,^^'^=—^0007985,  JRo=— ".00439 {») 


*Tl)e   ti>run'M  iiirlnsfil  m  Itr.-ickets  tlciiotc  tbe  logarithms  of  the  comspondiBf 
uuiubers. 
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After  wiudiDg  29  layers : 

xCi 

!ri'''=9,280.2  lbs. 

^^=— ^00099553,  J  Eo=— ^00647    ....     (9) 

^'^«= -^0011946,  J  Eo=- ''.000657 (9') 

After  the  winding  is  all  completed— 37  layers : 

Pi^=ll,438  lbs. 

^5?=-^001227,  JEo=-^00676 (10) 

^^5?=-^0014724,JRo=-''.0081 (1(K) 


("^^= -''.00072876,  (J r)=-''.00571    .    .    .    .(11) 


r=7.84  .  r=7.84 


(^— ^=- ''.00097425,  (J  r)=- ''.00763     .     .    .    (11') 


r=7.84  r=7.84 


T— ^=-".00053269,  (J  r)=:- ".005417    .    .    .     (12) 


r=10.17  r=10.17 


^--^  =  -".0007782,  (J  r)=- ".007914    .     .     .    (12') 


r=10.17  r=10.17 


("— ^= -".0004356,  (J  r)= -".00544     .      .     .     (13) 


r=12.5  r=12.5 


/^^^= -".00068109,  (J  r)=- ".0085    ....   (13') 


r=12.5  r=12.5 


T— ^=:- ".00038873,  (J  r)=- ".0056    ....    (14) 


r=14.4  r=14.4 


(^^^  =- ".00063422,  ( J  r)=- ".00913    .     .     .    (14') 
r=14.4  r=14.4 

/^^"S  =  -".00038294,  (J  r)=- ".0056    ....  (16) 
r=14.7  r==14.7 

/^^^=— ".00002845,  (J  r)  =  -".00924     .     .      .     (15') 
r=14.7  r=14.7 


\ 
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Forthecbauge  iu  leiij^tb  of  theoyliiulcr,  rrpreseiitcd  by-JA,  wohavi 


,^,         .     ,    ^h_       I        1        IV  Hi^ 


(16) 


from  which 


Eo  ■   3   '   Ki^— Ro' 


J^ 


=_//.000245,     J^=— ''.00245    .      .      .      (17) 


M 


h 


= + ''.00049,       M=-^  ".0049 


.     (170 


These  results  are  collected  in  the  following  table,  where  also  are  shown 
the  forces,  iu  pounds  per  square  inch,  necessary  to  produce  iu  free  speci- 
mens the  same  changes  of  dimousions.  The  +  sign  preceding  the  value 
of  a  change  of  dimension  indicates  that  it  is  an  elongation  ;  the  —  sign, 
that  it  is  a  contraction.  The  +  sign  preceding  the  value  of  a  force  in- 
dicates that  it  is  a  force  of  extension ;  the — sign,  that  it  is  of  compres- 
sion. 

Table  II. 

I\€sult8  of  winding. 


Ch.ingoA  of  rndhiR  of  tho  bore. 


Thoi>reiical, 
By  Clavarino.     |       By  Birnic. 


Corretponding  fbnaL 


Actool. 
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> 

"5 


0 
C 


• 

is 

• 

s 

► 

1        c 

oc 

.a 
< 

s 

zVflerTlayora 

After  18  Invoni* ... 

After'JOlrtyrirt... 

After  couiplotlon 
of  Tfindiu^,  37 
layers 


(M)l." 

o«i:i7 
uo.".5 


-.  oon27L»7 
-.  ouiM'ir).>4 


001  s 


(M»u:J27J 
0(H»79ir) 
OOlliMG 


1)1)1  C 
0044 
00C8 


— .  0002911 


4.907  ^5,890  _ 
000791&  —II.  9771—14, 373!— K 
00rJ451  —17. 919  —21, 503—21, 


-_.00G7   — .001J27   —.0081    — .  00U7-J4  — .  0083  —.0015034—22,068 


5M 


— se,5oaUa«,7fl 


CHANGES  OF  RADII  OF  FACE-CIRCLES  AFTEK  COMPLETION  OF  WIXDIXG. 


Ilamua.  7".84..., 
Ilaaius,  10".  17.., 
Kiiiliui*,  12".. 'W... 
Uadius,  14".4U.. 


— .  0(iri7 

—.0(1.' 4 
— .  (K)M 
— .  005«) 


-.  oi<».':!:'7 
..III  11)4  :::»('• 


-.  Wlu 
-.  ru74 
-. » (K'» 
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(■vi',7;.si.' 

(ii):';Nll 


-.  0(»7*< 
-.  OUH-J 

-.  mi>7 
-.  oniij 


I 


-.00«1990  i— ]a,118 

-.OOOSlsr  — 9.A89 

00*»7mio'  —7,841 


I  I 

^17,536—17.711 
— 14,008~ISklfil 


-12.  WO 


^.  0U0Go97j  —4),  997—11, 416 


CH AMIES  OF  LEXOTH. 


—13.168 


At  horc 

At  radiiiB,  7".84  . . 
At  radius.  10".  17  . 


At  radins.  12".."0  . 
At  radiiiP,  14". 40  . 
At  i-aditi.%  14". 70     J 
Mi'an 


HUppO^jcd   unitu  ini  Ciiiii  ii;!liu'.!T.  -^ 


-f-.  00439  +.000439) 

+.00422  +.000422 

-.-.(H):i22    +.000322;.... 


+  .00212'  -.000212. 
+  .0t)l26,  +.O00I26:, 
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-.4+7,6» 


I 


+11  IS 

+1 


..— .0i'24     —.00024      +.0049     400049  '  +  .0027<5   +.  00vi276   -4.410    +g,£20    +4, 
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Although  it  was  desired  to  do  so,  it  was  not  found  practicable  to  ob- 
tiiiii  a  reliable  measurement  of  the  exterior  diameter  of  the  cylinder 
while  the  wire  was  upon  it. 

From  the  columns  giving  the  force  corresponding  to  the  changes  of 
radial  dimensions  after  the  completion  of  the  winding  are  constructed 
the  following  curves : 

Fia.  6. 


;5 
ft 


hi 


iraae  

t/^7S2 


cone 


\  t  Wf/l£ 


I  I  I  I  I  U  I  1  I  I  I  I  I  ^It 


^•m  jrx/^^Hmertt 


m  I II II 1 1 1 1  MM  I 


20 


Those  figures  in  the  last  column  of  the  above  table  which  relate  to 
radial  changes  were  obtained  by  taking  the  measured  relative  changes 
of  dimensions,  with  them  as  argument  entering  the  table  of  test  record 
appended,  Appendix  A,  finding  the  corresponding  load  and  from  it  sub- 
tracting 500  pounds,  the  initial  load. 

From  a  general  survey  of  the  table  it  may  be  said  that  the  agreement 
between  the  results  obtained  by  using  the  formulas  for  wire  pressure  in 
connection  with  those  of  Lieutenant  Birnie,  and  the  actual  results  of 
the  experiment,  the  theoretical  final  contraction  of  the  radius  of  the 
bore  being  over  97^  per  cent,  of  the  actual,  is  rather  remarkable.  The 
discrepancies  can  nearly  all  be  explained  by  considering  the  changing 
modulus  and  lack  of  uniformity  of  behavior  of  the  material  under  test. 
Comparing  the  actual  and  theoretical  relative  changes  of  radius  of  the 
bore,  it  will  be  observed  that  the  actual  is  at  first  smaller  than  the  theo- 
retical, but  as  the  winding  progresses  it  gains  upon  it,  passing  it  be- 
tween the  eighteenth  and  twenty-ninth  layers.  This  is  what  would  be 
expected  from  the  fact  that,  whereas  the  theoretical  constant  modulus 
supposes  the  strains  to  be  always  proportional  to  the  stresses,  in  reality 
they  are  not  so,  but  increase  more  rapidly  than  the  latter,  and  this  es- 
pecially when  the  stresses  approach  their  final  intensity. 

The  measurements  of  the  face  circles  were  attended  with  greater  difll- 
cultics  than  those  of  the  bore,  and  are  not  so  satisfactory.  One  of  these 
measurements,  that  marked  B^  (Appendix  C),  was  rejected,  being  so  dif- 
f(*rent  from  the  others  as  to  indicate  an  abnormal  error.  The  figures 
*:rivcn  in  the  table  are,  with  this  exception,  simple  arithmetical  means 
of  all  the  measurements  taken.  If,  instead  of  taking  such  means,  there 
had  been  taken  the  mean  of  each  set  on  the  face  where  that  set  showed 
the  smallest  discrepancies,  the  tabular  absolute  changes  would  have 
been : 


For  radius. 


7.84 
10.17 
12.50 
14.40 


.0079 
.  0078.') 
.0084!) 
.00885 


Corresponding 
force. 


PoundM. 

17,800 
14,500 
12,450 
11,870 


which  correspond  more  nearly  to  the  theoretical,  and  observe  the  two 

p^ncral  laws  of  change  following  : 
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l8t.  The  absolUti'  coiitractioii  of  radius  shoulil  chau^c  from  decreas* 
111^  to  iiicroasiu<r  at  a  distauoe  from  the  axis  of  the  bore  equal  to 
l{^,.v/L»=7'^75.  This  111 ij;:ht  be  shown  by  differeutiatinff  the  expression 
for  the  change,  Eq.  (0),  i)hioing  the  diHereutial  eoefflcient  equal  to  zero 
and  solvinp^  with  re.speet  to  r. 

2d.  The  absolute  (contractions  should  be  equal,  at  the  bore  and  at  a 
distance  from  the  axis  of  the  bore,  equal  to  2Iio=ll  inches. 

STRESSES   AT   THE   BORE   REgUIREI)  FOR  DIFFERENT  CQNTBACTIOXS. 

From  an  examination  of  tlie  test  recoiil  we  see  that  to  produce  the 
following  contractions  of  the  diameter  of  the  l)ore  would  require  com- 
pressive stresses  there  as  stated : 


("ontrmctiuDS. 


Al)8oluto:  .<■-.  rt'lutivf:  .iKMb'J 
■  AbiH>Iiite:  .04.  n-la(ive:  .W^WA 
'  Abtwliite:  .0:.,  relativi  :  .OVlU 


CorrenpoDi:  { n  fc  > 
f  ore  e  per! 
ttquare  inch. 


Poundt. 

*J8. 140 
:t7.060 
38,580 


FINAL   STATE   OF   CORE. 


It  will  be  remembered  that  Table  II  does  not  pve  the  exact  state  ot 
the  core,  but  oidy  the  ehanjjo  of  state  induced  by  the  winding.  To  ob- 
tain the  final  state,  the  results  in  Table  [  and  H  should  be  combined, 
or  the  curve  of  Fi^.  '^  may  be  combined,  as  indicated  before,  with  those 
of  Fig.  0,  pivinji^  the  curves  below. 


Fig. 
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Compressive  force  at  borr  due  to  dilfent  tensions  of  windiiifi:. 

From  (I )  iuu\  (V)  it  is  seen  tliat  the  eom])res.sive  fonrc  at  the  bore  is 
pn)nortional  to  the  tensit)n  of  windinjr,  whi<*h  ;;ives  the  following  theo- 
retical (aeeordiiifi:  to  Jiirnie)  total  compressive  force  due  to  the  initial 
force  combined  with  that  due  to  tlie  ditferent  tensions  of  winding: 


Ti»n*ioii  of 
wiudiii::. 


('orrt>noiMl- 
itii;    r«»ni- 

fori't*    :it 
bore. 


riunin. 
romp.  4.'J00. 


4.*.,  iifO 
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TENSIONS,  &C.,  IN   WIRE   CYLINDER. 

We  come  now  to  the  consideration  of  the  state  of  the  wire  cylinder, 
and  will  deduce  formulas  giving  for  it  the  same  informatioo  that  we 
have  previously  obtained  for  the  core. 

Resuming  Equation  (B),  and  supposing  the  r^  mentioned  above  it  to 
be  K27  Pr  ^vould  then  be  the  pressure  at  r  produced  by  winding  all  the 
wire  from  r  out,  or  the  final  pressure  at  rest  at  r;  Sbudp^—pi  the  press- 
ure on  the  core  produced  by  the  same  winding. 

Solving  (B)  with  respect  to  p^: 

^^"  [E,(4Ro^+2R,^)-2Eo(R,^~Ro^)JRi»      ,_  (G) 

GEo(R,=^-RoO  r^  ^         ^^ 

substituting  in  this  for  jpi^ — pi  the  value  of  pi  from  (E),  and  reducing  the 
coefficient  by  substituting  therein  the  value  of  y?: 


for  the  pressure  at  rest  at  r.    Maktug  iu  this  r=Bi 

p,_   T    .(/3+l)ro»-(/3— 1) 

the  same  value  given  in  (F),  as  it  shonld  be. 

To  obtain  the  tension  of  the  wire  at  any  point:  Denote  it  by  tr  Then 
r  being  the  mean  tension  of  the  wires  in  the  ring  of  radii  r  and  r\  the 
algebraic  difference  between  the.  pressures  at  the  surfaces  with  these 
radii  is  in  equilibrio  with  the  product  of  this  mean  tension  into  the  thick- 
ness of  the  ring,  which  is  expressed  by  the  equation. 


p,.r^  — i>r»'=  — T^{^^ — ^) 


(li.vidin 


ft 


yi — r 


passiiiii:  to  the  limits  of  the  two  members  (not  by  snx)|>osiDg  the  wires 
exterior  to  r  to  be  removed,  as  with  Eq.  {b),  but  by  considering  sacces- 
sively  thinner  rings). 


\    r^^r    )  r^^r       d  r 


L  (-r)=-t, 
hence 
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Substituting  the  valuo  of  p^  fi'oni  (H)  and  diftereutiatiog; 

^(/?+l)r'— (/tf-l)B,«    T 


ar  /tf+1 


=T  j  1+^=1  !•'  I  J  (/tf+1)  «*  -(/g— 1)     T 


2(B+1)£,  (^+l)|--(/J-l)y 


•  m 


For  the  tangential  extension  of  the  wire, 


Jr 


(,^+l)^,+?-l 


=i ('-+  -lO-^,  •  - '---^5,!^ , <m)^=<i=L)+ 


2{,*+l)g-,         (/S+l)^-(/»-l) 


(,?+l)r'-(ff-l)Bi«    (,9+l)M,— (j9— 1) 

For  the  rate  of  radial  extension,  maltiplying  by  r,  diflbrentiatiDgaiid 
dividing  by  d  r: 


(^+l)^,-(.5-l) 

2(^-1)-  (,3+1)  ** 


(''+^)k.»       (^+^)e? 


^  i  i^±i^=i^=^'  ^  .  (N) 


REPORT  UP  THE  CHIEP  OF  ORDNANCE. 


127 


We  \vill  coiislrui't  a  curvo  from  Eq.  (M),  showiug  fur  the  coil  what 
has  been  shown  by  the  i)reviou8  curves  for  the  core,  viz,  the  force  nec- 
essary to  i)ro(hi(!e  iii  free  specimens  the  tangential  strains  existing  in 
the  eoil.     It  is  seen  from  the  form  of  the  equation  that 


Jr 
r 


increases  with  r.     Multiplying  by  Ei, 


i>3 


--^'■e,=t  V 


-'  (/i-l)  +  Ui+l) 


ifS-1) 


■•M/^+Di;;,     (/^+i),;;, 


4(),(K)0.]   1 


l.()20«-h 2.8103  ,'  ..  ,  .,..., 


8.4309 


W 


2.8103  ^*^.— .8103 


/'^Ei^=23,106  1bs. 


r=Ri 


(-'«■)-' 


=31,523  lbs. 


r=17 


^-^I  Ei^ =40,000  lbs. 


r=K.. 


FiGr.  8. — State  of  wire  coil. 


a  N 
*0    • 


l<4 

It) 


• COK£ 


l^fO0 


1 1  ■  1 1  1 1 1  ■  I'  M  1 1  I '  1  um  1 1  m  1 1  HI  m  1 1  iiq 


("oinbininjjf  Fii^s.  7  and  8. 
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Fig.  0. — State  of  core  and  icire  due  to  initial  tension  of  casting  and  pre$M- 
are  oftcire  applied  vnder  tension  of  ^,000  pounds  per  square  inch. 
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THE  PRACTICAL  OPEUATIONS. 


Winding, 

A  detailed  description  of  the  wiiulinjr-maehine  used,  the  invention  of 
Dr.  AV.  K.  AVoodbridjre,  will  be  given  in  the  report  on  the  cou8truction 
of  the  gnn.  It  will  sutlice  here  to  say  that  the  tension  was  ])ro<liice<l  by 
passing  the  wire  between  two  wooden  frietion  pieces,  and  afterwnrl 
three  times  around  a  non-revolving  disk  about  3  feet  in  diameter,  pn)>or 
of  a  special  deseiiption  being  placed  n])on  the  disk  for  the  wire  tohlidc 
upon,  and  it  was  wcigiuMl  by  the  amount  of  compression  of  two  large 
springs.  The  lubricant  nse<l  was  a  mixture,  in  definite  proportions,  of 
beeswax,  paralline,  parafliue  oil,  and  stearic  acid. 

After  a  month  of  trial,  incident  to  the  newness  of  the  njaehino,  it  was 
gotten  to  work  so  as  to  api>ly  the  wiie  with  quite  sutiicient  accuracy  ci 
tension,  although,  owing  i>rincii)ally  to  the  short  life  of  the  papers snr- 
rounding  the  disk,  tlie  ])rogress  was  vexatiously  slow.  Twenty  tbn'e 
working  days  of  eight  hours  each  were  required  for  the  completion  of 
the  winding,  of  which,  however,  four  were  consumed  in  taking  meas- 
urements, and  quite  a  large  proportion  also  required  for  fitting  the  ta- 
pered fiUing-in  ])ieces  at  the  ends  of  each  layer.  Two  wires  were  woinid 
at  a  time,  tlie  machine  being  d4)uble.  The  cylinder  was  supportinl  in  a 
lathe  in  such  a  manner  as  not  to  interfere  with  its  contraction  radiully 
under  the  increasing  ]>ressure  of  the  wire.  This  was  accomplished  l»y 
means  of  four  stu<ls,  distant  90  degrees  from  each  other,  left  on  each 
face  of  the  cylinder  near  the  bore,  the  stud  sliding  in  radial  grooves  cut 
in  arms  attacluMl  to  the  arbor. 

The  spool-rings  for  confining  the  wires  wei*e  npon  the  arms. of  the 
arbor,  not  attached  to  the  cylinder.  Tpon  removing  the  arbor  and 
these  rings  the  loose  en<ls  of  the  tillingin  pieces  projected  in  every  di- 
rection, and  it  was  thought  that  there  was  danger  of  the  mass  of  wire 
falling  down  and  oil*  the  core.  The  ]>ieces,  liowever,  were  clamped  back 
in  their  pla<*es  and  firmly  secured  by  solder. 

The  win'S  w<»n»  fastened  at  the  starting  ends  by  bending  into  a  dove- 
tailed notch  cut  in  the  core  and  driving  in  a  wedge  from  the  side;  at 
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the  final  onds,  bv  s()I(lerin;j:  Jind  by  a  thin  band  of  iron  passed  aronnd 
and  drawn  ti<»:lit  by  a  scrrw.    The  windiu*;  wsis  contin  iions. 

Soldering. 

For  the  purpose  of  soldering,  the  cylinder  was  inclosed  in  a  case  as 
shown  in  Plate  I,  Fig.  3. — a  safety-valve  being  provided  to  permit  the 
escape  of  any  gas  which  might  be  formed  within  it. 

The  cylinder,  thus  incased,  was  placed  in  the  soldering  furnace, 
mounted  upon  an  arbor  the  shaft  of  which  projected  through  a  hole  in 
th(»  door  of  the  furnace.  The  furnace  consisted  of  a  large  oven,  about 
33  feet  in  length,  below  which,  and  separateil  from  it,  distributed  along 
Its  length,  were  six  fire-places  with  brick  sides  and  cast  iron  tops. 
Above  these  and  constituting  the  floor  of  the  oven  was  a  sheet-iron  dia- 
phragm, whose  object  was  to  disseminate  the  heat  uniformly  through- 
out the  oven. 

It  was  at  first  intended  to  heat  the  oven  by  burning  charcoal  on  the 
floor  of  each  of  the  fire-places,  but  it  having  been  found  upon  trial,  pre- 
viously made  for  the  purpose,  to  be  impracticable  to  attain  the  proper 
tem])erature  at  the  ends,  the  extrem*^  tire-places  were  provided  with 
grates.  Hanging  within  the  oven  were  eight  mercury  thermometers 
which  could  be  viewed  from  the  outside. 

The  oven  was  carefully  sealed  up  after  the  insertion  of  the  cylinder. 
The  fires  were  started  at  5.30  p.  m.  on  January  G,  and  kept  burning 
until  1  a.  m.  on  January  8. 

The  oven  was  very  slowly  heated  up  to  a  temperature  of  about  500 
degrees  F. ;  the  cylinder  in  the  mean  time  being  slowly  revolved  by 
means  of  the  shaft. 

A  record  of  the  readings,  from  the  time  that  the  height  of  the  mer- 
(•ury  columns  i)ermitted  them  to  be  taken  through  the  glass-covered 
apertures  provided  for  the  purpose,  is  appended  (Appendix  D). 

About  4  p.  m.  on  January  7  the  furnace  was  opened  at  the  top  and 
about  four  and  a  half  gallons  of  the  mixture  used  for  lubricating  the 
wire  in  winding  was  poured  into  the  case.  The  furnace  was  then  closed 
and  the  cylinder  again  revolved.  This  fluid 'was  intended  to  completely 
fill  all  apertures,  to  be  itself  displaced  by  the  solder  and  form  a  flux  for 
the  soldering. 

At  4.45  p.  m.  the  melted  solder,  composed  of  two  parts  by  weight  of 
tin  to  one  of  lead,  was  poured  in,  completely  filling  the  case  and  rising 
to  the  top  of  the  pipe  (about  2  feet  long)  used.  The  solder  was  poured 
from  a  large  ladle  with  a  valve  in  the  bottom.'  Five  hundred  and  fifty 
pounds  of  solder  were  used. 

After  pouring  the  solder  the  case  and  furnace  were  again  closed  and  the 
cylinder  revolved,  alternating  occasionally  in  direction,  until  1  a.  m.  on 
tiie  following  morning,  when  it  wi\s  stopped  and  the  furnace  left  to  cool 
oft'.     The  rate  of  revolution  was  about  once  per  minute. 

At  9  a.  m.  on  January  8  small  apertures  were  opened  in  the  end 
doors  of  the  oven.  On  January  9  the  doors  were  taken  off  and  the  cylin- 
der taken  out  for  removal  from  the  case. 

EFFECT  OF  THE  SOLDERING  OPERATION  UPON  THE  PRESSURE  PRO- 
DUCED BY  THE  WIRE. 

The  next  ira])ortant  Step  in  the  progress  of  the  experiment  was  the 
KMneasuring  of  the  cylinder,  for  the  purpose  of  ascertaining  the  effect 
of  soldering  o[)eration  upon  the  pressure  exerted  by  the  wire  cylinder 
upon  the  core. 
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T!i(»  eoiDpound  cyliuder  was  taken  from  its  casp  and  the  s*iMer  c.ne 
fnlly  ivinoved  from  the  exterior;  after  which  all  the  rudial  iiieasnre- 
nients  taken  before  soldering  were  repeated.  Tlie  results  are  (shown  in 
the  following  table: 

Table  Itt — Effect  of  soldering  operation. 


Bore. 


Radius 
7.84. 


RadiiiA 
10. 17. 


Kadhis 
l-J.  5U. 


Badins 

14.40. 


llwTU. 


'    Ihc/w9.   '    Inches.    ;   Inrhvf.  \   Inches.    I    Inehew. 
Radii  before  soldering '    5.  A9l»0  ,    7.  SJDJo     lu.  l«4ia     r.!.  50284  ;  14.  388h 


I  Radii  after  noldering 5. 49341  I    7.  >^\o9t]     h).  I (iri:.9     IJ.  5n.V! i  !  u.  :i9043 

'  Increase ' 


Indun 
14.C870; 


OOU'vo  .       .UOITG         .(kitl4ti         .U0*JJ7  |       .UU229         .OOIK 


Increase  per  linear  inch 

Increase  as  percontago  of  orij^nul  con- 
traction   

Indicntt'd  relief  of  pi-e»j»ure  on  exterior 
Hiirface,  Ib.s.  per  square  inoh 

(.V»Tre«tp(»ndinK   relief    of    tangential 
r(»nipn»i()n  at  bore 


.004fJplf<     .<MnJ-J4.'»     .u0014;iO     .OiKUSnO  ■  .OOOISOO     .00013d6 


18.6 


22.5 


2,  Ij; 


2. 574 


19.7 


•J.  14:J 


**7. 2 


24.1 


19.- 


3.111  i 


2,  757 


t    •  -u 


4,  i»28 


It  is  seen  that  tha  recovery  is  very  decided,  and  sufficiently  regular 
to  warrant  ascribing  it  wholly  to  the  relief  of  j)ressure  on  the  esterior 
surface. 

The  disadvantage  of  this  recovery  in  a  construction  where  such  press- 
ure is  a  matter  of  the  very  lirst  moment  needs  not.  to  be  pressed.  Al- 
though the  perc(Mitage  of  original  contraction  is  in  this  case  known,  an 
exti'iisive  series  of  experiments  would  be  required  befoi*e  sufficient  data 
could  be  obtained  to  enable  pn)[)er  allowance  for  it  always  to  be  made. 

DISMANTLING    Till:    rOMPOUND   CYLINDER 


This  was  accom|)lished  by  cutting  through  the  wire  cylinder  along  a 
meridi.in  plane.  The  cut  was  made  on  the  side  opposite  to  that  upon 
which  the  appearance  of  the  exterior,  when  tlie  solderiug-ease  wa«  re- 
moved, led  to  the  suspicion  that  the  soldering  had  not  been  tborongb. 
At  the  latter  idace  the  solder,  loosely  adhering,  showed  a  change  of 
state,  being  crystalline,  kicking  in  cohesive  strength,  and  resembling  in 
a]>i)earance  '*  dross."  This  side  is  supposed  to  have  been  np|>erinoat  when 
the  revolution  of  the  cylintler  in  the  soldering  furnace  was  stopped,  bat 
the  evidence  upon  this  point  is  not  conclusive. 

Great  difficulty  was  experienced  in  making  the  cut,  which  was  done 
upon  a  planer,  the  axis  of  the  cylinder  being  ))arall**l  to  the  direction  of 
the  cut.  The  loose  ends  of  the  wires,  as  they  were  successively  cut 
through,  would  catch  upon  the  tool,  ini))eding  its  motion  and  endanger- 
ing its  safety.  It  was  found  necessary  to  clamp  them  tightly  together 
in  order  to  make  the  cut  at  all. 

After  the  first  cut  was  made  the  cast-iron  cylinder  was  slipped  out, 
and  another  cut  was  made  dividing  the  wire  cylinder  into  halves.  Nine 
days  were  consumed  in  the  operation. 

iVrhai)s  no  h)nger  description  would  convey  a  more  accumle  idea  of 
the  measure  of  success  attending  this  attempt  at  soldering  tban  to  say 
that  ir  failed  to  accomplish  the  object  sought.  The  wires  of  a  few  of 
the  outer  layers  were  solden  d  (though  imperfectly)  together  laterally; 
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hilt  oAon  here  the  successive  layers  were  not  united.  For  Ji  short  dis- 
til nee  in  from  the  si(h^  faces  the  solder  attained  its  best  success  ;  but  it 
jilro^ether  failed  to  penetrate  themass,  the  wires  remaining  coated  with 
the  lubricant  mixture,  and  tumbling  apart  upon  an  attempt  being  made 
to  handle  the  cylinder.  An  occasional  wire  was  stuck  to  its  neighbor 
throuf^h  an  inch  or  two  of  its  length,  apparently  by  the  melted  tin  of 
its  coating. 

PERMANENT  SET  OF  CORE. 

After  the  wire  was  removed  all  the  radial  measurements  of  the  core, 
made  before  winding,  were  repeated.  The  results  are  given  in  the  fol- 
lowing table : 

Table  IV. — Permanent  set  of  core. 


Oriirinal  radii 

Fiii;il  ruilii  

Snt 

Srt  \niv  |intar  inch  . 


Bore. 


5.  500132 
5. 49876 
.  00256 
.  0O0465 


liadiim 
7.  W. 


7.  83701 
7.  83589 
.00112 
.000143 


Kadiu.s 
10. 17. 


RaditiH 
12.  50. 


Badins 
14.40. 


Ka4iii8 
14. 70. 


10. 17241 

12.  .51 164 

10.  17099 

12.51030 

.00142 

.  00134 

.000139 

.  000107 

14. 39764 
14.  :{9622 
.00142 
.000099 


14.  69842 

14. 60651 

.  00191 

.00013 


Exterior. 


14. 84651 
14.84528 
.00123 
.000083 


The  sets  accord  very  closely  with  those  given  in  the  accompanying 
record  of  test  (Appendix  A)  as  being  produced  by  compressive  stresses 
e(ini\  alent  to  those  due  to  the  winding  superadded  to  the  initial  stresses 
of  casting. 

TESTS   AFTER  DISMANTLING. 


After  the  cylinder  was  dismantled  tests  were  made  of  the  wire  and  of 
the  cast  iron. 

Three  ])ieces  of  wire  were  tested,  one  of  which  had  occupied  a  posi- 
tion near  the  inside  of  the  wire  cylinder,  one  near  the  middle,  and  one 
near  the  outside.  The  tests  showed  the  qualities  to  be  practically  un- 
changed. 

Since  in  this  exi)eriment,  and  indeed  in  the  gun  itself,  the  wire  is  not 
subjected  to  a  strain  which  can  at  all  be  considered  a  testof  it«  proper- 
ties, there  is  no  necessity  for  dwelling  longer  upon  it.  It  is  seen  that 
it  is  not  injuriously  atfected  bj^  annealing  during  the  soldering  opera- 
tion. 

It  is  quite  different,  however,  with  the  cast  iron,  which  it  is  proposed 
to  work  lo  the  limit  of  its  endurance  in  resisting  both  compressive  and 
ti-nsile  strains. 

Spe(*iinens  were  taken  as  represented  in  Plate  I,  Fig.  4,  and  the 
nconl  of  their  test  is  appended  (Appendix  E).  Tangential  specimens 
were  taken  from  the  inside  only,  as  that  is  the  only  part  which  endures 
ilir  ^^reatest  strain.  From  these  records  and  those  of  the  metal  made 
l»i(\  ionsly  to  winding  are  drawn  the  curves  of  Figs.  10, 11,  and  12. 

In  th(\se  tigures  the  lines  A  and  A'  refer  to  the  metal  before  winding, 
H  and  IV  to  it  after  dismantling.  The  ordinates  represent  the  stresses 
per  square  inch,  the  abscissas  of  the  lines  A  and  B  the  corresponding 
I  Ionizations  or  compressions  per  inch,  those  of  the  lines  A'  and  B'  the 
recoveries  when  the  [)ieces  were  released;  so  that  the  horizontal  dis- 
tances between  the  lines  A  and  A'  and  between  B  and  B'  represent  the 
permanent  sets  per  inch  of  the  specimens  to  which  they  refer.  The  lines 
A'  and  B'  represent  the  elastic  distortions,  and  may  be  called  the  lines 
of  elasticity.    For  the  greater  part  of  their  length  they  are  practically 
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Straight,  and,  the  ordinates  being  plotted  to  a  scale  of  'M  to  1,000  poimds 
and  tbe  ahsdssas  to  one  of  V*  to  'M)01,  the  modalus  of  elasticity,  as  the 
qnotient  of  itonnds  by  inches,  is  one  hiilliou  times  the  taugent  of  tbe 
angle  \yhu:h  the  line  of  elasticity  makes  with  the  axis  of  abscissas.  The 
cnr\  es  are  so  drawn  that  the  effects  of  the  different  initial  loads  (8ee 
Appendix)  are  eliminated. 

i*2\aniining  Fig.  10,  representing  tangential  extensii^n,  in  which  iMHnt« 
of  tiie  curves  are  (constructed  fur  every  r),000  pounds  of  load,  except  be- 
tween the  loads  10,000  and  20,(K)0  pounds,  where  they  are  constructed 
for  every  1.000  ])ounds,  we  see  that  before  winding  the  modulus,  tsiken 
between*  the  loads  5,000  and  15,000  pounds,  is  19,400,000,  and  that 
the  line  X  does  not  commence  to  increase  with  rapidity  its  distance 
from  A'  until  it  passes  the  stress  of  15,iK)0  pounds,  which  may  there- 
fore be  assigned  as  the  elastic  limit. 

Fig.  10. 


tsooo . 

1                       ji!  J3'A          £ 

zoooo  . 

/<""' 

fSOOO 

: /C  ^  : '_  _  _    Jf  r«  J^/C  limit  a/"  A 

roooo    : 

^ooo  . 

/•                      ■*•.;  - 

-fOO- 

f 

Of  B  the  modulus  is  17,100,000,  and  the  elastic  limit  cannot  with  safety 
be  placed  higher  than  11,(K)0  ])ounds.  The  reduction  of  the  modulos 
would,  if  unaecomi)anied  by  a  decrease  of  elasticity,  be  advantageom; 
but  under  both  considerations  this  test  must  b<*  reganled  as  showings 
deterioration  in  the  tensile  quality  of  the  metal  in  this  direction. 

Fig.  11. 


4i^OOO0     . . 


.ma^fic  limit  of  A  umiB 


SOO. 
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In  Fig.  11,  tangential  compression,  points  are  cons  tract  ed  foreverj 
1,000  pounds  between  20,ooo  an<l  ;^000  pounds.    The  modulus  between 
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20,000  aud  30,000  pounds  is  19,600,000  for  each  specimen.  The  lines  do 
not  show  any  very  marked  difference  between  tbe  pieces.  The  elastic 
limit  for  each  may  be  placed  at  22,000  pounds.  The  specimen  before 
winding  is  more  regul^  in  its  action,  but  after  dismantling  the  com* 
prcssion  line  departs  less  from  the  line  of  elasticity  after  passing  the 
iissamed  elastic  limit,  and  there  is  not  again  a  decided  increase  in  the 
sets  until  27,000  pounds  is  reached.  The  sets  above  22,000  pounds  are 
less  for  the  B-line  than  for  the  A-linCi  but  the  B-line  shows  its  specimen 
to  finally  give  way  suddenly  at  a  lower  stress  than  the  other.  On  the 
whole  the  tangential  compressive  quality  of  the  metal  is  not  much  al- 
tered ;  but,  as  it  shows  better  between  the  loads  22,000  and  SSiOOO,  it 
may  be  considered  slightly  improved. 

Fi<j:.  12  relates  to  radial  compression.  The  modulus  before  winding 
is  20,600,000;  after  dismantling,  18,400,000.  Before  winding  tbe  elastic 
limit  is  24,000,  but  the  departure  from  the  elastic  line  increases  very 
slightly  until  after  20,000  is  passed.  After  dismantling  the  sets  com- 
mence to  increose  more  rapidly  at  24,000  pounds,  but  from  the  begin- 
ning they  ace  much  greater  than  before  winding. 

The  modulus  being  reduced  and  the  elasticity  being  less,  the  metal  is, 
in  respect  to  resistance  to  radial  compression,  undoubtedly  deteriorated 

Fig.  12. 
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The  total  result  then  is:  With  respect  to  tangential  extension  and 
radial  compression  the  effect  of  the  exterior  pressure  is  to  reduce  the 
modulus  and  the  elasticity,  to  deteriorate  the  metal;  witii  respect  to 
tangential  compression,  to  leave  the  modulus  the  same  and  to  slightly 
increase  the  elasticity,  thus  improving  the  metaL 

Equations  1  and  2  show  that  by  the  exterior  pressure  on  the  q^linder 
The  metal  is  taiigentially  compressed  and  radially  elongated,  which, 
taken  with  the  above,  shows  that  the  resistance  to  a  strain  contrary  in 
ilirection  to  that  to  which  the  metal  was  subieoted  in  the  cylinder  is  Im* 
paired,  while  that  to  one  in  the  same  direction  is  improved.  This  ap- 
pears quite  natural.  The  elements  being  crowded  together  or  pulled 
a[)art  into  positions  which  are  not  normal,  are  afterwards  pulled  or 
pushed  back  to  place  more  easily  than  a  similar  change  of  dimensions 
(*ould  have  been  effected  without  previous  strains,  whfle  the  neir  straiii 
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in  the  same  direction  indicates  the  state  of  special  elasticity  so  often 
noticed. 

The  rapid  yielding  of  the  metal  to  compression  in  both  cases  after  the 
load  30,000  pounds  is  passed  shows  that  at  no  time,  either  at  rest  or 
ui^er  tire,  should  that  strain  be  exceeded. 

Fig.  9  sliows  that  the  combined  strain  at  the  bore,  due  to  the  wire 
and  the  initial  strain  of  casting,  reaches  about  30,000  pounds,  which  is 
an  indication  that  the  tension  of  winding  used,  40,000  pounds  per  square 
inch,  should  not  be  increased. 

Another  reason  is  that  under  fire  the  resistance  to  Uingential  esten- 
sion  and  radial  compression  are  the  qualities  most  needed,  and  these 
are  the  ones  which  are  shown  to  be  impaired  by  the  exterior  pressare 
already'  attained. 

The  following  facts  may  fairly  be  considered  as  having  been  estab- 
lished by  the  experiment : 

(1)  That  the  machine  used  can  put  the  wire  on  with  tension  at  least 
as  high  as  900  pounds  on  the  wire,  although  the  progress  is  slow  and 
the  working  of  the  machine  is  not  mechanically  satisfactory'. 

(2)  The  formulas  can  be  relied  upon  to  give  correctly  the  pressure  of 
the  wire  cylinder  upon  the  cast-iron  one  beneath  it. 

(3)  The  action  of  the  casting  under  this  ])ressure  shows  it  to  be  prac- 
tically homogeneous  throughout. 

(4)  It  is  not  practicable,  by  the  means  proposed,  to  solder  together 
the  coils  of  the  wire  cylinder. 

(5)  The  soldering  operation  diminishes  the  pressure  of  the  wire  upon 
the  core. 

(6)  This  operation  does  not  affect  the  physical  qualities  of  the  wire. 

(7)  The  pressure  of  the  wire  decreases  the  resistance  of  the  cast-iron 
to  strains  in  a  contrary  direction  to  those  which  it  was  subjected  in  the 
cylinder,  and  increases  its  resistance  to  those  in  the  same  direction; 
consequently, 

(8)  40,000  i)ounds  per  square  inch  is  as  high  a  tension  as  should  be 
employiMl  in  winding  the  gun. 

This  expt'dnient  having  been  carried  on  concurrently  with  the  con- 
struction of  the  gun  and  of  the  plant  has  been  subject  to  many  delays, 
when  it  has  been  necessary  that  other  work  should  have  precedence. 
But  the  various  stages  haveln^en  pushed  to  completion  in  time  toaftbrd 
information  which  the  progress  upon  the  gun  rendered  necessary.  Of 
the  results  obtained  be<iring  upon  points  to  be  decided  in  the  constmc- 
tion  of  the  gun  the  Department  has  been  kept  informed. 

Of  the  many  difficulties  and  ]>oints  of  interest  in  the  practical  opera- 
tions but  little  mention  has  been  made.  They  will  be  treated  more 
fully  in  the  re])ort  u]>on  the  construction  of  the  gun.  The  following 
brief  abstract  from  the  record  gives  the  dates  of  the  more  important 
operations. 

First  invoice  of  wire  received  June  27,  1885. 

Fitting  winding  machine  to  lathe,  making  fixtures,  &c. :  Oommenoed 
July  1,  1885;  finished  July  20.  1885. 

Trying  winding  machine  on  old  gun,  adjusting,  altering  it,  &o. :  Com- 
menced July  23,  1885;  finished  September  5,  1885. 

Winding  cvlinder:  Commenced  September  19, 1885;  finished  Octo- 
ber 14,  1885.' 

Casing  cylinder  for  soldering :  Commenced  November  SO,  1885 ;  fin- 
ished January  5, 1886. 
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Solilering  cylinder :  (Jomuienced  JaDuary  6,  1886;  finished  January 
8, 1886. 

RoiDoving  cyliuder  from  aolderiutr-case :  Oooimeueed  January  11, 
1880;  finished  Jauuary23,1886.  '4 

DismaDtling  the  compouDd  cylinder :  Comoienced  February  4,  18^; 
finished  February  12, 1886. 

Taking  out  test  specimens  from  core:  Commenced  March  9,  1886; 
finished  March  24, 1886. 

Measurements  were  made  during  winding,  in  the  intervals  betweeo 
winding  and  casing,  removal  from  case  and  dismantling,  and  after  dis- 
mantliug. . 

The  excellent  photographs  accompanying  were  made  by  Oapt.  John 
Pitman,  Ordnance  Department. 

For  jioints  in  regard  to  the  resistance  of  the  materials  I  am  indebted 
to  Mr.  J.  E.  Howard,  the  engineer  operating  the  testing  machine  at  this 
Arsenal,  whose  approval  of  the  discns.slon  and  dedactions  referring  to 
this  part  of  the  subject  should  add  to  their  weight. 
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JdeaaurtfiHtttis  of  wire- wound  expenmental  riflinder  and  initial  iensioM  ring — Continued. 

DIMENSIONS  OF  RINGS  AFTER  BEING  DETACHED. 
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1-9.  (:9."»9 

Inches. 
29.  6914 
29.6920 
29.  6811 
20.6951 

JndbM. 
28.6821 

28.6972 
28.6834 

Itukm. 

S8.flBa8 

28Lim7 
S8.6ni8 

28l»NS 

Mean . . 

1 

29.  69377 

29.  69385 

29.  69302 

29.69353 

-    # 

29L68S40 

S81681S7 

.  -J'-.  ■■ 
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Experimental  cylinder — Continued. 
EXTEBIOB  DIAMETER  OF  CYLINDER  AFTER  BEIKG  DISMANTLED. 


Diameters. 

Face  A.  H. 

Distance  firom  face  A.  H. 

Face  a.  h. 

Mean. 

2" 

4" 

6" 

8" 

1 
A 

Inches. 
29. 6008 
29.  6922 
29.  6922 
29.6915 

Incites. 
29.  6922 
29.  6926 
29.  6920 
29.6921 

Inches. 
29. 6905 
20.6000 
20.6908 
29. 6903 

Inches. 
29.6857 
29  6800 
29.6^97 
29.6902 

Inches.    I    Inches. 
29. 6><91     i     29. 6896 

29.6894  !    29.6915 
29.6889    1    29.6861 

29.6895  1     29.6918 

Inches. 
20  60082 
20. 60108 
29. 68905 
20.69000 

B 

c 

D 

Mean.. 

20. 60167 

29.69223  i    29.69063 

1 

20.68087 

29.68922       20.68072 

20. 60056 

ORIGINAL  DIMENSIONS  OF  BORE  OF  CYLINDER  BEFORE  BEING  WIRE-WOUND. 


1 

A 

B  

C 

D 

Mean.. 

11.0016 
ll.OOf'6 
11.0006 
11.0014 

11.0015 
1 1.  0006 
11.  0004 
11.0015 

11. 0000 
10. 0091 
10. 9991 
10.9990 

11.0001 
10.  9905 
10.  9994 
11.0000 

11.0000 
11.0000 
10.0098 
11.0006 

11. 0004 
10.0096 
10.9004 
11.0004 

11.000750 
10.09090 
10.09078 
11.00063 

11.  00105 

11. 00100 

10. 00052 

10.00975 

IL  00032 

10.00005 

U.  000265 

DIMENSIONS  OF  BORE  DURING  PROGRESS  OF  WINDING. 


Diameters. 

After  being  woand  with — 

Original. 

Seven  layers 
of  wire. 

Eighteen  lay- 
ers of  wire. 

Twenty-nine 

layers  of 

wire. 

Thirty-seren 

layers  of 

wire. 

B 

Inches. 
U.0006 
11.0014 
10. 0996 
11.0004 

Inches. 
10. 9974 
10. 0081 
10  0067 
10. 0072 

Inches. 
10.0020 
10.*0025 
10. 0010 
10. 0017 

Inches. 
10. 0873 
10. 9879 
10.0860 
10.0866 

Inches. 
10.0838 
10.0846 
10.0829 
10.0835 

D 

b 

d 

Mean 

11.00050            10.09735 

1 

10. 00180 

10. 08605 

10.08370 

DIMENSIONS   OF  BORE   AFTER   BEING  WOUND   WITH  THIRTY-SEVEN  LAYERS  OF 

WIRE,  AND  ARBOR  REMOVED,  BEFORE  SOLDERING. 


Diameters. 

Face 
A.  H. 

Distance  from  face  A. '. 

H. 

Face 
a.h. 

Mean. 

2" 

i" 

V 

8" 

A 

B 

C 

Incites. 
10. 9855 
10. 9843 
10. 9845 
10. 9849 

Inches. 
10.  98.')2 
10.  9842 
10.  9840 
10.  9850 

Incites. 
10.  9836 
10.9827 
10.9828 
10.9832 

Incites. 
10. 9835 
ia9828 
10.9826 
10.0832 

Inches. 
10. 0841 
10.0882 
10.08S2 
10.0830 

Inches. 
10. 0840 
10.9827 
10. 0880 
lO.  0833 

Inches. 
10. 08430 
10. 083.32 
10.08335 
la  08392 

D 

Mean 

10. 98480 

10.  98458 

10.  98307 

10, 08303 

10.08360 

10. 0832» 

10.08872 

DIMENSIONS  OF  BORE  AFTER  SO 

LDBRINC 

r. 

A 

10.0884 
10.  P877 
10.  0878 
10.  9882 

10.9881 
10.  9877 
UK  9873 
10. 9882 

10. 0865 
10.  OR.'W 
lu.  tfS.'^O 
10.0863 

10. 0864 
10.0850 
10.0857 
10.0863 

10.0872 
10.0865 
10.0863 
10.0871 

10.0867 
10.0856 
10.0861 
10.0864 

10.08722 
10.08650 
10.08652 
10.08708 

B    

c 

D 

Mean 

10. 98803 

10. 08782 

10. 08608 

10.08608 

10.08677 

10.08620 

10.86688 

DIMENSIONS  OF  BORE  AFTER  CYLINDER  WAS  DISMANTLED. 


A 

10. 0089 
10. 9981 
10. 9978 
10.9986 

10.  9088 
10.9980 
10.9975 
10.9987 

10.0076 
10.0066 
10.0063 
10.0070 

10.0074 
10.0067 
10.0066 
10.  0072 

10. 0081 
10.0072 
10.0071 
10.0070 

10.9977 
10.0060 
10.0068 
10.0973 

10.99608 
10. 00725 
10.00702 
10.99778 

B 

C 

D 

Mean 

10.00835 

10.00825 
ff 

10.09687 

10.00698 

10.99757 

10.99718 

10.90758 
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Experinienfal  cjfUnder — CoutiDued. 


HEASUREMBNTS  OF  CYLINDER  TAKEN  ON  SURFACE  A.  H.  BEVOBB' 

WOUND. 


Diameters. 

A 

B 

C 

— • 

D 

ICmd. 

2 

Inehet. 
15.6695 
20.3415 
25. 0307 
28.7960 
29. 3992 

Inches. 
L^OSOj 
20.3464 
25.0219 
2A.7806 
'^9.4073 

iTMhes. 
15.  6745 
20.34S6 
25. 03U2 
2a8U32 
29.3960 

InehM. 

15.6784 

20  3460 

25.0262 

2a7M4 

29.3976 

15.07448 
20.S4568 
23l  02725 
2a  70155 
20.40000 

8 

4 

5 

6 

MEASUREMENTS  OF  CYLINDER  TAKEN  ON  SURFACE  A.  H.  AFTER  BEING  WQlTirD 
WITH  THIRTY-SEVEN  LAYERS  OF  WIRE.  AND  ARBOK  REHOVED,  BEFORE  SOL- 
DERING. 


2 :    15.6.'»9|     l.\6648 

3 20.32.'S6j    20.3:J09 

4 25.0139  1    25.0049 

5 2a777.->  I    28.7630 

6 '    29. 3741     *i»9. 3C72 

I 


I 


15.6.^85 
20.3.TJ9 
25.0133 
28.7856 
29.3777 


-■  I 


15w6.'S75 
20.3304 
25.0091 
2a  7692 
29.3797 


15.05887 
20.r!805 
25^01030 
21^77382 
20.37468 


MEASUREMENTS  OF  CYLINDER  TAKEN  ON  SURFACE  A.  H.  AFTER  80LDBSING. 


2 15.6566 

3 20.3:»84 

4 25.0170 

5 '28.78*J6 

6 29.3781 


15.6685 
20. 3:^38 
25. 0085 
28. 7C«7 
29.  3707 


1 
15.6623  1 

15.0616 

15.06225 

2i).  33rK)  ! 

20. 332."> 

20.38342 

25.0166 

25. 0130 

25.01378 

28.7892 

2a  77.'i2 

,  2a  77842 

29.38U9 

20.3833 

'  20.37825 

MEASUREMENTS  OF  CYLINDER  TAKEN  ON  SURFACE  A.  H.    AFTER   BBIKO  DB' 

MANTLED. 


2 i  15.6657 

:  3 20.33H4 

:  4 '  25.0277 

'  5 28.7937 

6 2l».3891 


15.  6779 
20.  3445 
25  0191 
28. 7788 
29  3821 


15. 6717 
20. 34ri6 
25. 0274 
28.8012 
29.3925 


15.6716 
20.3435 
25.0237 
2a  7849 
29.3019 


15.67178 
20.84300 
25.02447 
2a  78900 
29l  38805 


MEASUREMENTS  OF  CYLINDER  TAKEN  ON  SURFACE 

WOUND. 


A.  H.  BEFORE  BEIHQ  WBI- 


Diametera. 


:  Inches. 

I  2 15.67*17 

'  3 20.3481 

4 25.  02"»7 

5 28.84»(>6 

.6 29.3978 


Inches. 

i5.(r/:n 

20.  3468 
25.  OKIO 
28.  7n«l 
29.39C7 


Inches. 
j.'i.6739 
20. 3371 
2.'i.  0204 
28.7981 
29.  3951 


Inches. 
15.6766 

*20.3334 
25.0142 
2a  7083 
29.3948 


15.67358 
20.84135 
25.01880 
2a  79003 
20  89610 


I 


MEASUREMENTS  OF  CYLINDER  TAKEN  ON  SURFACE  A. 
WITH  THIRTY-SEVEN   LAYERS  OF  WIRE.  AND  ARBOR 
BRING. 


B.  AFTER  BBIKO  WOVliD 
REMOVED.  BEFt>KB  SOUK 


o 

l.-S.  6555 
20.3304 
2.5.0066 

15.6580           15.a'>83           15wa't99 
20  3299  !        20. 3-.'02         *20. 3258 
*M.  OOh.S  !         ox  nn»!(            oi  uOtPT 

15l  05816 
20.32668 
2Su  00106 
2a  77875 
20.87720 

3 

4 

5 

6 

2a  7805          2H.7805  ,        2H.  7794          2a  7746 
29.3784           29.3776           20. 37A3           '>0.S7I» 

' 

MEASUREMENTS  OF  CYLINDER  TAKEN  ON  SURFACE  A.  H.  AFTER  SOLDERINa. 


2 15.0589 

3 '  20.3338 

4 '  25.0109 

5.  .........<  28.  7857 

6 29.3828 


I 
15.6614  I 
20  33:«  , 
2.').  0020  ■ 
2a7aT0 
29.3821 


If).  6619  '■ 
20.3236 
2.'i.00e2  I 
28.  78.39 
29.3800  . 


ir^  6641 

la  06156 

20.3290 

20.32908 

25.0002 

25.00706 

2a  7786 

2a  78330 

29.3803 

2038130 

'  Ejected,  an  the  reAiiItin;;  contraction  is  widely  difierent  irom  that  gtven  OB  tlie 
pf  thesamo  cJn-lr. — W.  C. 
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Experimental  cylinder — Continued. 

MEASUREMENTS  OF  CrLIin)£R  TAKEN  ON  SURFACE  A.  H.  AFTER  BEING  DISMAN- 
TLED. 


Diameters. 

ft                  b 

0 

d 

Mean. 

2 

Jneksi.          Inehet. 
15.6690          15.6718 
20. 3454          20. 8447 
25.0225          25.0136 
28.7977          2a  7970 
29. 3948          29. 3947 

Inehet. 
15.6728 
20.8342 
25.0185 
2a  7957 
29.3925 

Inekst. 
15.6740 
20.3396 
25.0112 
2a  7908 
29.3927 

Inehet. 
15. 67178 
20.34007 
25.01645 
2a  79530 
29.39368 

3 

4 

5 

6 

LENGTHS  OF  CYLINDER,  MEASURED  BEFORE  BEING  WIRE- WOUND. 


Lengths. 

A. 

B. 

C. 

D. 

K 

F. 

G.    • 

H. 

Mean. 

1 

2 

3 

4 

5 

6 

liichet. 
10. 0018 
10.  0020 
10.  0008 
10.0006 
10. 0005 
10.0004 

Inches. 

10.  0008 
10.0024 
10.0009 
10.0008 
10. 0007 
10.0007 

Inehet. 
10.0023 
10.0003 
9.9995 
9.9905 
9.9987 
9.9985 

Inehet. 
10.0008 
10.0020 
10. 0001 
10.0002 
9.9997 
9.9995 

Inehet. 

10. 0018 

10.0020 

10.0001 

9.9907 

9.9994 

9.9992 

Inehet. 
10.0000 
10.0000 
9.9980 
9.9975 
9.9965 
9.9960 

Inehet. 

If*  WV  o 
10.0006 
9.9983 
9.9975 
.9.9968 
9.9970 

Inehet. 

10.0003 

10. 0018 

10.0«^l 

9.9007 

9.0989 

9.99e9 

Inehet. 
10.00095 
10. 001S9 
9.99972 
9.99044 
9.99890 
9.99878 

Mean  — 

10.  00102 

10. 00105 

9.99980 

10. 00038 

10.00037 

9.99800 

9. 99833       9. 99996 

9.00986 

LENGTHS  OF  CYLINDER,  MEASURED  AFTER  BEING  WOUND  WITH  THIRTY^EVEN 

LAYERS  OF  WIRE. 


1 

2 

3 

4 

5 

6 

10.0069 
1 9.0062 
10.  0038 
10.0029 
10. 0021 
10.  0021 

10. 0049 
10.0068 
10.  0046 
10.  0027 
10. 0019 
10.0019 

10.0072 
10. 0U54 
10.0030 
10. 0017 
9.9995 
9.9995 

10.  0051 
10.0063 
10.0034 
10.0020 
10.0007 
10.0007 

10.0059 
10.0064 
10.0033 
10. 0016 
10.0005 
10.0005 

iaoo40 

10.0039 

10. 0011 

9.9987 

9.9972 

9.9967 

10. 0039 

10.0045 

10. 0012 

9.9997 

9.9980 

9.9980 

10.0088 
10.0054 
10.0032 
10.0082 
10. 0014 

iaooi4 

10.00521 
10.00561 
10.00296 
10. 00156 
10.00016 
10.00010 

Mean — 

10. 00400 

10.00380 

10.00272 

10.00303 

10.00303 

10.00027 

10.00088 

10.00306 

10.00260 

Appendix  D. 


Record  of  temperatures  of  soldering  furnace. 


No.  of 

Janaary  6. 

Janaary  7. 

thermome- 
ter. 

8  p.m. 

9  p.m. 

10  p.  m. 

11  p.  m. 

12  m. 

1  a.m. 

2  a.m. 

3  a.m. 

4a.m. 

5a.m. 

1 
2 
3 
4 
5 
6 
7 

256 
268 
288 
292 
270 

260 
276 
800 
208 
284 

278 
208 
330 
830 
810 
800 
800 

808 
816 
858 
860 
884 
830 
416 

320 
330 
370 
370 
855 
842 
422 

882 
840 
882 
880 
880 
850 
422 

. 

255 
256 
240 

260          270 

197 

219 

254 

280 

822 

338 

8 

220 

228 

266 

280 

808 

838 

802 

420 

440 

480 

No.  of 

Janaary?. 

thermome- 
ter. 

6  a.m. 

7  a.m. 

8  a.m. 

9a.n^ 

10ft.m. 

llft.m. 

12  m. 

1  p.  m. 

2p.m. 

3  p.m. 

1 

350 

358 

368 

365 

374 

800 

402 

890 

400 

400 

2 

352 

360 

874 

868 

804 

414 

418 

416 

416 

414 

3 

405 

410 

408 

400 

428 

450 

446 

438 

438 

440 

4 

413 

408 

400 

400 

434 

464 

458 

454 

456 

464 

5 

895 

400 

888 

897 

435 

445 

439 

447 

447 

468 

6 

370 

370 

884 

897 

415 

427 

420 

427 

427 

487 

7 

440 

445 

470 

460 

484 

502 

478 

480 

456 

466 

8 

456 

456 

446 

455 

513          524 

i 

Too  high  to  be  read. 
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Record  of  temperatures  of  soldering  furnaoe$^Coiit\nn0iL 


Naof 

tbermome- 

ter. 


1 
2 
8 

4 
5 
6 
7 
8 


JannAry  7. 


4  p.m. 


5p.in. 


402 
418 
440 
460 
4C8 
437 
462 


414 
420 
448 
470 
466 
438 


6p.in. 


436 
428 
450 
460 
450 
448 


7  p.m. 

8  p.  in. 

9p.iiL 

10  p.m. 

11  p.  m. 

416 

422 

424 

412 

896 

428 

424 

430 

424 

408 

446 

444 

448 

440 

428 

462 

450 

458 

448 

434 

439 

.  4'AG 

460 

460 

456 

436 

430 

424 

416 

422 

Urn. 


Jm.1 


1ft.  a. 


Ml 


Too  high  too  be  rcud. 


438 
434  ! 

4561 
410  I 


412 


512 


No.  7  was  directly  noder  Xo.  2 :  No.  8  under  No.  5. 

Fii'eB  started  at  5.30  p.  m..  Jannarv  6. 

Lnbricant  niixtare  for  flux  punred  at  4  p.  m.,  Jaiinary  7. 

Solder  poored  at  4.45  p.  ni.,  January  7. 

Revolntion  of  cylinder  stopped,  and  famace  left  to  eool  at  1  ft.  m.,  Jannftiy  8L 


Appendix  E. 


Cast  iron  from  breech  disc  of  lO-indt  cast-iron  wire-womud  rf/fe. 
[Ko.  2,601.    Mark  3.    Diameter,  .798  inch.    Sectional  are*  .50  aqaftro  iiieli.1 


Applied  loads. 


PoundM. 

500 

1.000 

1.500 

2.000 

2.500 

3.000 

3,.'MH) 

4,000 

4.500 

5,000 

6.500 

6.000 

6.500 

7.000 

7,500 

8,000 

8,500 

9,000 

0.500 

10,000 

10.500 

11,000 

11.500 

12,000 

12,500 

14,200 


^e%"fo"^l.'"'  ""o"'^''- 

^  per  inon.  ««-.  ;„«u 

Persqnare.:  *  per  inch, 
inch. 


Pounds. 

1.000 

2.0OO 

3.000 

4.000 

5.000 

6,000 

7.0tX> 

8.000 

9.000 

10, 0»H) 

ll.OOt) 

12, 000 

13.  000 

14.000 

15,  (KM) 

16. 0<H) 

17.0«V0 

18,000 

10. 0'K) 

20. 000 

21.004) 

22.  <mo 

23.000 

24,04X) 

25.000 

28,400 


IncK 

0 

.  (hMxm 

.000100 
.000107 
.000233 

. ooonoo 
.  ootv3r»o 

.000417 
.000483 

.  ooor)C7 

.000633 
.000717 
.  000817 
.  OlH)8^ 
.  001000 
. 001007 
.(>OI150 
.001207 
.001383 
.  OOl.^V) 
.OiMfiOO 
.  OOIFOO 
.0U10R3 
.0021*53 
.  002500 


Permanent 
set. 


Inch. 

0 
.000050 
.  OOW.TO 
.(00067 
.000066 
.000067 
.OOOOfiO 
.00<H)67 
.000066 
.000084 
.000066 
.000084 
.000100 
.000006 
.000117 
.000067 
.000083 
.000117 
.000116 
.000167 
.000100 
.000150 
.00«J183 
.  000200 
.000317 


SnocemiTe 

permanent 

set. 


Inch. 
0 


.000067 


.000183 


.000383 


.000900 


JflMft. 
0 


.000067 


000116 


.000200 


000517 


Inttiftl  loud. 


TenaUe  strength  (ponnds  per  sqnare  inch  of  original  of  aeotioB),  88,400. 
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Cast  iroii/roiii  irectd  iti$c  •>/  XO-inek  ctut-iron  tcireiGouiid  lijle — CoDttnned. 
llfo.S7:.    Miirk2.    LuuKiii,  B.IU  liicbes.    l)lnni»(er,  .TMlach.    ScoUnniJarw.  .NaqiuinlDob.) 


Appli 

diudi. 

Cpmpr*8. 

pBtnuairnt 

BnfMMi.e 

..^ 

ToUL 

"■•a:-" 

Pmiridf. 

MO 

IE 

tSoo 

1 

IE 

i 

18,  aw 
II 
loiouo 

IE 

S,«KI 
6.00II 
T.COO 
H.KKI 

,::S 

ll.OliO 

ia,tKW 

uiooo 
IS,  000 

is!  004 

IS 
Is 

2<1,«ID 

ZT,ono 
i».m 

IMl.WHl 
02!  WW 

as,  (Ml 
at.ooe 

37,0110 
3«,0W 
aB,0(Kl 
«>.«0 

.oono.w 
iixmiM 

:oimoT 

.MUSIT 
,«I0.W7 
,MCM18M 

.DUMes 

ioWWlT 
,«0OB3» 

Iwn«e7 

iooisiio 
.OBiaso 

IwlSM 
.OullM 

.mi  SIT 

!(kH«S3 
.OffllTSO 

loiMOO 

.IXi;iB7 

'.vmm 

.WBMO 

iooooso 
iwoora 

ioDOUST 
,0OWW7 

!oiiooso 
.rawMT 
.ooaMT 

.000050 
ioOOOAT 

.owiom 

.OOOOM 
.  000007 

.O0O.ISO 

loOtHIM 
.0000*7 

ioODOM 
.IHMoa 
.0000(77 

■S 

ilMNHKH 
.00«W 
.00023* 

.uoo::Kt 
.  000207 

JmA. 

Iiwk. 

Iikltlsl  land. 
DltlmaM  ■tnoffth. 

.000017 

.000017 
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DESCRIPTION   OF    FRICTION  AND    ELECTRIC    OBTURATING    PRIMERS 

MADE  AT  FRANKFORD  ARSENAL. 

By  Capt.  J.  C.  Clifford,  Ordnance  Department. 

(1  plate.) 

For  the  cases  of  these  primers  the  best  material  as  yet  tried  is  hard 
rolled  brass,  a  piece  of  which  is  redaced  at  one  end  to  form  the  shank 
or  part  containing  the  powder  charge;  the  middle  portion  or  body  is 
chased  with  a  screw  thread,  either  entire  or  interrupted,  while  the  other 
extremity  or  head  is  flattened  so  that  a  wrench  may  be  used  when  re- 
quired either  in  inserting  the  primer  or  in  extracting  it  after  firing. 

The  friction  primer  is  ignited  by  a  serrated  wire  acting  upon  friction 
composition,  and  the  electric  primer  by  a  platinam  wire  in  an  electric 
(intuit,  the  wire  being  wrapped  with  gnn-cotton. 

Figures  1  and  la  of  the  plate  herewith  represent  primers  of  the 
model  of  December,  1885.  This  model  has  a  gas-check,  a,  aroand  the 
top  of  shank,  a  stop,  &,  for  the  interrupted  screw,  a  brass  plug,  c,  in  the 
friction  primer  to  act  as  gas-check,  an  insulating  block,  dj  in  the  electric 
primer,  which  is  driven  against  a  sharp-edged  ring  of  metal  to  stop  the 
flow  of  gas,  and  the  platinum  wire  6  connecting  the  insulated  copper 
wires/,  which  are  screwed  through  the  insulating  block  d. 

Figure  2  represents  a  friction  primer  made  in  April,  1886,  having  the 
metal  at  mouth  of  shank  thin  enough  to  act  as  a  gas-check. 

Figure  3  shows  a  similar  primer,  made  in  the  same  month  with  Figure 
2,  but  smaller  and  notched  around  the  head  for  extraction  by  aid  of 
pliers. 

Figures  4  and  4a  represent  primers  of  the  model  of  May,  1886,  which 
were  made  with  a  full  screw  thread,  the  interior  arrangement  being  es- 
sentially the  same  as  in  Figures  1  and  la  above  described. 

The  enlargement  ^  on  wire.  Figure  4,  prevents  the  serrated  part  from 
going  too  far  into  the  shank  of  the  primer  below  the  friction  composition. 

447 


Obtvuat/mc  FnitsTioM  "»eiecTiiic  PnimtMa. 


Appendix  29. 


REPOBT  ON  KXPEBIMENTAL  CAS  SON  POWDER. 
By  Likut.  William  M.  Medcalf,  Ordnance  Department. 

During;  tbe  year  a  number  of  lots  of  brown  prismatic  powder  have 
been  made  at  the  Du  Pout  Powder  Works,  and  tried  at  the  proving 
ground  in  both  the  12-iiich  B.  L.  cast-iron  rifle  and  the  8-inch  B.  L. 
steel  rifle.  On  the  whole  the  results  have  been  very  satisfactory;  they 
equal,  and  in  some  cases  surpass,  those  obtained  with  the  German 
brown  powder. 

POWDERS  FOB  12-INOH  B.  L.  OAST-IBON  BIFUBS. 

The  last  lot  of  Du  Pout's  brown  prismatic  powder  mentioned  iu  the 
report  of  1885  was  N  M.  Since  then  the  following  lots  have  been  re- 
ceived and  proved  in  the  12-inch  rifle : 


Powder. 


Density. 


NR  .... 

N  V, lot  1 
N  V,  lot  2 


1.814 
L830 
1.818 


Powder. 


N  V,  lot  3 
NV,lot4 
NV,lot5 


Density. 


L8a6 
L822 
1.825 


The  N  V  samples  tested  represent  lots  of  15,000  ponnds,  the  sample 
of  N  R,  2,G00  pounds.  All  the  lots  except  N  V,  lot  5,  were  accepted. 
The  sample  of  this  lot  gave  pressures  exceeding  the  limit  of  32,500 
pounds  fixed  by  the  contract  with  the  makers,  and  was  rejected. 

Table  1  gives  in  condensed  form  the  results  obtained  in  the  12- inch 
rifle  with  the  difl'erent  powders,  using  the  maximum  charge  and  heaviest 
projectile. 

Lots  1,  2,  and  3  of  N  V  powder  were  each  divided  into  three  sublets 
of  5,000  pounds  each,  which  were  numbered  1,  2,  and  3,  respectively, 
and  represented  as  many  different  methods  of  blending  the  grains. 

Table  2  gives  the  results  obtained  iu  each  case.  They  are  not  con- 
chisi  ve  as  to  the  comparative  advantage  of  the  different  methods,  though 
No.  ^  appears  to  favor  high  velocities  and  pressures. 

The  third  lot  of  N  V  powder  shows  an  improvement  over  the  two  pre- 
ceding lots  in  uniformity  of  velocities  and  pressures. 
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Tabue  1. — Table  ikimiiig  Ihr  nlocilm  andurettnret  ohtaiKtA  tcirt  d\g*riitt  wamUu  «f 
Woirn  pritmatie  potrSer  in  tlia  rj-tNcA  B.  L.  cast-iron  rljlr,  irilh  <dMrge»  of  "Hob  pmui*. 
and  an  t^'i-pcund  projeeliU,  atid  dmnfy  of  loadiKg  o/0.cU7. 
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•Kotan'dwiUiSii.i-imiiiid  jirnliftile* 
POWDBKS  FOK  8-lN<llI  B.  L.  STKKL  BIFLE. 


The  iullowiog  varieties  of  Urown  |ii-isu):iti<'  powder  luivo  b»*ii  Air 
uished  liir  trial  in  tliv  U-iiicli  t-xptriniontal  lille: 


Lhe  size  aud  form  ut'  gmiii  bciiitr  tlid  8a::iu  :*»  for  tbu  powtleia  uiied  n 
tilt'  I2-in(-li  casl-iroii  rifle. 
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The  following  results  were  obtained  using  100-pound  charges  and 
projectiles  weighing  235  pounds,  and  density  of  loading  0.891 : 


Powder. 


(iCM  IIIUU  biowii 
Du  Pout'H  p.  A 
Du  I'onfsP.  I 
Du  Pont'8  P.  K 


Initial 
▼elodty. 

Mudmam 
(A  plug). 

FmL 
1,044 
1,040 
1,756 

^   2.028 

82,400 
82,700 
18,800 
87,425 

PrdMore 
(Bplug). 


81,000 
33.200 
22,476 
37,000 


Du  Pout's  P.  A.  is  about  equivalent  in  ballistic  properties  to  the  Ger- 
man brown  powder.  P.  I.  is  too  slow  a  powder  for  charges  of  100 
])()un(ls.  The  capacity  of  the  chamber  in  the  8-iuch  rifle  admits  of  in- 
creasing^ the  <ajargo  to  about  120  pounds;  with  charges  of  this  size  pow- 
der similar  to  P.  I.  might  give  good  results. 

P.  K.  powder  gave  such  high  pressure  that  it  was  not  fired  with  the 
heaviest  i)rqjectile. 

The  results  obtained  with  100-pound  charges  and  the  heaviest  pro- 
jectile weighing  286  pounds  and  density  of  loading  0.89,  are  given  below : 


Powder. 


German  Brown. 
Dn  Pout's  P.  A 
I)u  Pout'fl  P.  I  . 


Initial 
Telocity. 


Haxlinnm 
(A  plug). 


Pound*. 
83,800 
36.200 
26,750 


Pressxire 
(Bplug). 


Pounda. 
31,800 
34,700 
27,100 


The  manufacture  of  brown  prismatic  powder  for  8  and  12  inch  guns  is 
still  in  its  ex])erimental  stage,  and  will  not  assume  a  definite  shape  un- 
til niori'  extended  trials  have  been  made.  The  uncertainties  attending 
its  production  are  being  carefully  studied  by  the  American  makers,  and 
it  is  hoped  that,  by  contemplated  improvements  in  the  plant  and  method 
of  nianut'aeture,  they  may  in  the  near  future  be  practically  eliminated, 
and  that  the  standard  varieties  determined  upon  for  the  different  cali- 
bers may  be  reproduced  without  diflSculty. 

Both  the  German  and  American  brown  powders  show  great  sensitive- 
ness to  moisture  due  to  the  hygroscopic  qualities  of  the  coal  used.  This 
is  only  partially  counteracted  by  the  high  density  given  the  grain,  and 
unusual  i)recautions  are  required  in  the  packing  and  storage  of  these 
j)owders  to  i)reserve  them  intact. 

The  Messrs.  Du  Pont  report,  as  the  result  of  their  experiments,  that 
bot  h  the  German  and  American  powders  absorb  moisture  rapidly.  When 
submitted  to  ordinary  atmospheric  exposure  they  show  curves  of  ab- 
sorption which  are  exactly  alike.  The  American  powder,  however,  be- 
comes coated  with  mold,  while  the  German  shows  only  a  slight  tendency 
in  that  direction. 

The  prismatic  powder  sent  to  the  proving  ground  was  packed  in  un- 
sealed wooden  boxes,  awaiting  the  completion  of  suitable  metallic  cases, 
and  a  lar<re  (piantity  of  it  has  become  mildewed  while  in  storage.  How 
far  this  wdl  atlect  its  ballistic  properties  remains  to  be  determined  by 
tutnrt*  ex|)eriinent,  but  it  points  to  the  necessity  of  providing  air-tight 
metallic  cases  or  boxes  with  air-tight  metallic  linings  for  the  storage  of 
all  brown  prismatic  powders. 
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POWDERS  FOR  12-INOH  M.  L.  MORTAB. 

Various  lots  of  experimental  powders  of  di£ferent  forms  of  grain, 
granulation,  and  density  have  been  tested  in  this  gun.  The  following 
table  gives  a  summary  of  the  lots  tried  and  the  results  obtained  with 
full  charges  of  52  pounds  and  a  610-pound  shell,  with  density  of  load- 
ing, 0.854. 


Desipiation  of  the  powder. 


Form  of  the  gndn. 


M.W 

O.B 

O.C 

O.U do 

O.V 1...  do 

O.  V.,No.  1  ....do 

O.V.,No.  2.  ..  |....do 

P.G I.. ..do 

OX   !....do 


Hexftgonal 

Sphero-hexagonal . 
...do 


72 
128 
128 
100 
100 
100 
100 
100 
100 


L725 
L725 
L760 
L725 
1.760 
L7S0 
1.750 
1.775 
1.796 


1 
8 
2 

1 
8 
4 
8 

8 
8 


I 

1.019  i 
067  > 
942  > 

1,015 


aiLni 

29^*1 

mm 


1.005 
978 


mm 


A  powder  giving  with  full  charges  a  velocity  of  about  085  feet  and  a 
maximum  pressure  of  26,000  pounds  was  required.  The  hexagonil 
powder  M.  W.  being  too  violent,  the  sphero-hexagonal  powders  O.B.aad 
O.  C,  with  a  granulation  of  123  to  the  pound,  were  tried,  the  O.  B.  giT- 
ing  the  desired  results.  Later,  with  the  idea  of  introdacinic  greater 
uniformity  in  the  difierent  lots,  the  granulation  was  changed  to  100  to 
the  pound  and  samples  of  different  densities  tested.  Lots  of  0,000 
pounds  each  of  O.  V.  No.  1  and  P.  G.  powders  were  accepted  and  are 
now  on  hand  at  the  proving-ground.  ^ 

The  sample  of  powder  marked  O.  X.,  while  giving  a  little  lower  veloe- 
ity  than  required,  is  a  very  promising  variety  of  powder,  and  may  be 
developed  by  future  experiments  with  better  results  than  any  so  tu^ 
obtained.  The  maximum  pressure  given  by  this  powder  is  ao  low  that ' 
the  indications  are,  that  had  the  density  been  a  little  less,  the  reqara 
velocity  would  have  been  obtained  with  a  pressure  considerably  lower 
than  that  given  by  any  of  tbe  lots  so  far  aecepted. 

It  appears  to  be,  in  comparison  with  the  other  powders,  more  pio- 
gressive  in  its  action,  that  is,  it  gives  a  lower  maximum  pressnre  fori 
given  mean  pressure  throughout  the  bore,  or,  conversely,  for  a  givn 
maximum  pressure  it  will  give  a  higher  mean  pressure  thionghoat  the 
bore. 

For  the  reduced  charge  of  26  pounds  a  powder  was  required  giving  a 
velocity  of  (>50  feet  and  a  pressure  not  exceeding  13,000  poands  imn  a 
610-pound  shell. 

The  hexagonal  powder  M.  Y.,  granulation  72,  density  1.700,  gave  a 
muzzle  velocity  of  664  feet,  with  a  maximum  pressore  of  aboat  12,900 
pounds.  This  was  deemed  satisfactory,  and  lots  amoonting  to  IjM 
pounds  were  accepted  for  experimental  firing. 
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REPORT  ON  THE  FABRICATION  OF  '^M-INCH  STEEL  B.  L.  FIELD-OUNS. 

By  Maj.  F.  H.  Parker,  Ordnance  Department. 

(2  plates.) 

Orders  for  making  five  of  tbese  guns  were  dated  May  13,  1885,  with 
the  information  that  the  forgings  would  be  supplied  from  the  Mid- 
vale  Works  in  early  June,  1885,  but  these  expectations  as  to  time  were 
not  realized,  and  the  first  forgings  were  received  here  December  10, 
1885.  The  second  lot  on  December  17, 1886,  and  the  third  delivery  was 
made  January  16,  1886,  others  on  January  30,  March  22,  April  29,  and 
finiilly  the  las*^,  which  was  the  filth  tube,  came  as  late  as  June  10,  1886. 

This  of  course  delayed  the  completion  of  the  guns,  all  five  of  which 
would  easily  have  been  completed  during  the  year  if  the  forgings  ha<l 
been  received  during  the  winter.  As  it  was,  about  five  or  six  weeks' 
work  remained  at  the  end  of  June  to  finish  the  five  gnns;  the  condi- 
tion of  the  work  being  on  June  30  ns  follows,  viz: 

Three  guns  completed,  except  three  or  four  hours  required  to  finish 
flitting  breech  mechanism  of  third  gun. 

The  fourth  gun  shrunk  together  and  all  its  parts  nearly  finished. 
The  fifth  gun  ready  to  shrink  except  the  tube,  which  was  bored  and 
partly  turned.  Its  other  parts  are  nearly  finished,  excepting  base-ring, 
whicli  is  to  be  made. 

The  delay  in  receipt  of  the  forgings  gave  an  opportunity  to  make 
convenient  arrangements  for  the  work  of  finishing  and  assembling  both 
the  field  and  siege  guns.  The  machinery  needed  for  the  work,  some  ot 
which  was  newl^'  purchased,  was  assembled  together  in  one  of  the  large 
shops  which  had  formerly  been  used  as  a  wood  worker's  shop,  and  this 
was  set  aside  for  a  gun-shop.  A  shrinking  pit  and  crane  were  erected 
in  convenient  proximity,  and  water  and  gas  supplied  for  use  in  assem- 
bling the  gun. 

DESCRIPTION  OP  THE  GUN. 

The  Annual  Report  of  the  Chief  of  Ordnance  for  1884,  Appendix  33, 
contains  a  full  description  of  the  experimental  3.2-incii  gun,  which  is  the 
prototype  of  these  guns  now  being  made  for  service. 

Slight  changes  have,  however,  been  made  from  that  model.  It  is 
somewhat  heavier,  wbich  is. occasioned  by  a  change  in  the  outline,  prin • 
cipally  in  rear  of  the  trunnions,  straight  lines  having  been  snbstitated 
for  curved,  the  muzzle  band  being  reduced  to  a  slight  swell  and  a  sight 
mass  having  been  left  on  the  right  rim  base.  Drawings  herewith  show 
the  design,  and  the  inspection  reports  with  this  repoA  give  all  the  di- 
mensions and  weights. 

The  forgings,  consisting  of  a  tube,  jacket,  sleeve,  tmnnion-hoop,  base- 
ring,  key-ring,  breechblock,  obturator  stem,  lever  handle,  carrier-ring, 
gas-(*.heck  ring,  and  nuts,  were  roughed  oat  atMidvale,  oiled,  tempered, 
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ami  anueaicd  luM'oiv  delivery.  Some  small  parts,  Hiich  a«  piii«  awid  sto|»s 
and  wS])iin^s,  were  supplied  at  this  arsenal. 

Test  pieces  from  each  forging  were  sent  here  for  test,  and  the  forgings 
were  received  or  reiected  from  the  results  of  the  test. 

The  specilicat  ions  required  the  metal  to  exhibit  the  followiug  qoali- 
ties,  viz : 


E.  I..         T.  S.       gation.  I 


I 

Pounds.  I  Pound*.  Percent 

Tubo    42.000        88,000  20 

Jac kot 50. 000  '      95, 000  18 

'  Tmiiniou-hoop..       48,000  i      95,000  15 


The  sleeve,  breechblock,  base-ring,  and  other  small  parts  to  have  the 
same  qualities  as  the  jacket. 

The  gun  consists  of  a  (central  tube,  the  greatest  exterior  diameter  ol 
which  is  G"  and  the  minimum  near  the  muzzle.  4".(>0,  length  85".-; 
a  Jacket  with  maximum  diameter  of  9".5G  and  length  25".9,  which  is 
shrunk  «ver  the  rear  part  of  the  tube,  a  shoulder  of  which  prevents 
the  latter  from  going  forward :  the  rear  end  of  the  tube  abuts  against 
the  base-ring,  which  is  screwed  inside  of  the  jacket  at  the  rear  cud 
which  ])rojects  beyond  the  tube ;  the  French  or  slot  ted -sc^rew  breech-block 
works  in  this  base-ring,  in  front  of  the  jacket,  and  bound  to  it  by  au 
overlapi>ing  locking  joint,  is  the  trunnion-hoop  shrunk  on  to  the  tube. 
Its  width  between  rim  bases  is  9"..^  and  its  length  S".8.  In  front  ot 
tlie  trunnion-hoop,  and  bearing  close  against  it,  is  the  sleeve,  ^bruuk 
on  to  the  tube,  maximum  diameter  0".8  minimum  C".C,  length  13"-3, 
and  in  front  of  that  the  key  ring,  which  is  screwetl  on  to  the 
tube  and  tirmly  against  the  sleeve,  diameter  G".5,  length  3" -0.  .  In  frout 
of  that  the  tulK»  is  unsupported  for  a  length  of  38". 7  to  the  muzzle: 
xVll  the  members  are  thus  bound  securely  together  by  shoulders  and 
screw-threads  in  a  manner  which  presents  no  greater  difficulty  of  con- 
struction than  the  shrinkage  of  plain  superposed  cyliriders  usually  ofCen^ 

All  the  guns  so  far  made  here  have  been  provided  with  the  Freyw 
(Si»anish)  gas  check,  which  was  found  to  be  etl'ective  in  the esperimeDtal 
gun,  but  the  length  of  s])ace  in  rear  of  the  chamber  i)ermits  of  the  oseof 
the  De  Bange  (French)  gas  check,  which  is  equally  effective,  and  iBto 
be  used  in  some  of  the  guns. 

The  powder  chamber  is  elliptical ;  the  shot  chamber,  composed  of  two 
inclines  and  a  straight  surface,  furnishes  a  place  for  the  reAr  banded 
])ortioh  of  the  shot  to  rest,  the  forward  part  extending  into  the  grooved 
]K)rtion  of  the  bore,  the  band  bringing  up  against  the  lands,  which  are 
beveled  at  their  rear  termination. 

The  venting  is  radial  at  the  middle  part  of  the  chamber. 

The  riding  is  uniform,  with  a  twist  of  1  turn  in  30  calibers, or  an  angle 
of  i\  degices.    There  are  2-i  grooves  and  lands. 

The  total  length  of  the  piece  is  OO'^T;.  its  weight  803  pounds;  iti 
preponderance  at  end  of  breech  57  pounds. 

THE   BREECH   3IECHANISM. 

The  breech-block,  ()'^45  long  by  4'^47  in  diameter,  is  threaded  and 
slotted,  three  sections  being  plain  and  three  with  threads.  The  base 
ring  in  which  it  works  is  threaded  and  slotted  correspondingly.  One- 
sixth  of  a  turn,  therefore,  serves  to  lock  or  unlock  the  block  when  in 
its  place.  The  stem  of  the  obturator  passes  thi'ough  the  center  of  the 
block.    The  last  or  rearmost  thread  on  the  block  is  not  oat  away,  which 
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sei'Vi  s  tbe  piii  pose  of  closing  the  rear  face  of  the  breech  agaiust  dirt 
iind  weather,  and  as  a  stop  for  the  block  when  it  is  pressed  into  its 
pla(!e.  Tlie  pooves  for  stops  are  cat  in  two  of  the  blanks,  and  are 
extended  circa nifvrentially  for  the  stops  to  move  in  when  the  block  is 
tarne<l. 

A  narrow  longitadinal  and  circamferential  groove,  deepening  towards 
the  ends,  is  also  made  for  the  head  of  the  latch-pin  to  move  in,  which 
pin  passes  throagh  the  carrier-ring  into  a  recess  in  the  jacket  and  au- 
tomatically locks  and  anlocks  the  ring  at  different  stages  of  opening 
and  shnttiug  the  breech.  The  lever  handle  for  turning  the  block  -and 
the  bronze  handle  ibr  withdrawing  it  are  fastened  to  its  rear  end. 

The  carrier-ring  carries  the  block  when  it  is  withdrawn  and  swung 
out  of  j)lace  to  permit  of  loading.  It  is  but  1".2  thick,  and  when  it  is 
closed  against  the  end  of  the  base-ring  it  fills  the  space  between  the 
jacket  and  the  block.     The  latch-pin  and  its  spring  is  held  in  this  ring. 

The  Frevre  obturator  terminates  in  a  head  in  front  of  the  breech- 
block, shaped  like  a  truncated  cone  slightly  dished  in  its  face.  A  gas- 
check  riu^^  of  highly  elastic  steel,  formed  to  fit  the  cone  surface  ofi  the 
inside  but  nearly  cylindrical  on  the  outside  where  it  fits  the  seat  inside 
the  bore,  tits  around  this  hejid  and  rests  against  the  breech-block. 

The  head  is  not  in  contact  with  the  block  but  nearly  so,  and  the  dis- 
tance can  be  increased  or  diminished  by  the  nuts  screwed  on  to  the 
rear  end  of  the  spindle.  A  strong  spring  intervenes  which  keeps  the 
hiKul  away  trom  the  face  of  the  block  except  during  the  great  pressure 
of  the  powder  gases,  when  by  being  pressed  home  it  expands  the  elas- 
tic ring  against  its  seat,  which  effectually  cuts  off  all  escape  of  gas. 
When  the  pressure  is  removed,  the  spring  forces  the  head  forward  and 
the  ring  is  allowed  to  contract.  The  expansion  of  the  gas-check  is  thus 
rendered  independent  of  the  amount  of  pressure,  and  can  be  regulated 
to  suit  the  character  of  the  steel  in  the  gas-check  ring. 

The  recjuirements  in  the  operation  of  the  breech  mechanism  are  se- 
curity, facility  of  movement,  and  perfect  obturation.    This  requires — 

(1)  That  the  block  shall  not  be  allowed  to  turn  out  of  the  threads  when 
in  place  for  firing.  Which  is  secured  by  the  end  of  the  lever-handle  fit- 
ting into  a  recess  in  the  jacket  when  it  is  down  in  place  and  its  head 
into  a  recess  in  the  carrier- ring. 

(2)  That  when  the  block  is  turned  ready  to  be  withdrawn,  the  carrier- 
ring  shall  be  locked  in  place.  This  is  accomplisheil  automatically  by 
the  pushing  out  of  the  latch-pin  into  the  jacket  occasioned  by  the  shal- 
lowing of  the  groove  in  the  block  in  which  the  end  of  the  pin  moves  as 
the  block  is  turned. 

(3)  That  when  the  block  is  withdrawn  the  carrier-ring  shall  be  un- 
locked rea<ly  to  swing  out  of  the  way  with  the  block.  This  is  also  au- 
tomatically perfornjed  by  deepening  the  longitudinal  groove  in  which 
the  head  of  the  latch-pin  now  moves  until  at  the  termination  of  the 
movement  it  is  in  a  de{)ression,  the  latch-pin  spring  having  withdrawn 
it  from  the  recess  in  the  jacket. 

(4)  That  in  swinging  the  block  and  ring  closed,  the  former  shall  not 
be  i)ushed  through  the  latter  until  it  is  completely  closed  and  in  the 
axis  ot  the  bore.  Owing  to  the  depth  and  shape  of  the  depression  at 
the  end  of  the  groove,  the  head  of  the  latch-pin  holds  the  block  and  ring 
together,  and  accomplishes  the  desired  end. 

(;■))  That  when  the  block  is  being  pushed  into  its  place  the  carrier- 
ring  shall  become  lo  ked,  and  as  it  is  turned  so  that  the  screw-threads 
engage  in  those  of  the  base -ring,  the  ring  shall  become  unlocked,  in 
order  that  no  strain  can  possibly  be  thrown  on  it.  This  being  the  re- 
verse of  what  is  accomplished  in  opening  the  breech,  it  naturally  takes 
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place  by  tbe  movement  of  tbe  head  of  the  latch-pin  ap  the  inclined  lon- 
<;itndinal  groove  and  down  the  inclined  circumferential  one. 

The  block  ia  turned  to  the  left  by  the  lever,  which  is  first  raised  op 
nearly  vertical  out  of  its  recess.  After  the  block  is  turned  the  lever  is 
brou<2:ht  smartly  down,  when  the  cam-shaped  head  bears  against  the 
carrier-ring  and  forces  the  block  to  the  rear  slightly,  freeing  the  gas- 
check  from  its  seat.  The  bronze  handle  then  serves  to  draw  the  block 
through  the  ring  and  to  swing  both  clear  of  the  bpre. 

When  the  lever  is  completely  closed  down  in  its  recess,  the  gut  is 
ready  to  fire  and  not  before.  Precaution  should,  therefore,  be  taken  in 
this  respect. 

V(rORK  ON  THS  DIFFEBENT  PARTS. 

The  tubes  were  first  bored  from  the  forging  to  within  (K^.OS  of  the 
finished  bore,  including  the  powder-chambc^r.  They  were  then  roagh- 
turned  their  whole  length  and  finished  as  far  forward  as  front  end  of 
sleeve  to  the  proper  diameters.  The  average  time  of  this  work  for  eadi 
tube  "was  189^  hours.  This  was  occasioned  by  the  eccentricity  and  ir- 
regularity of  the  rough-boring. 

The  skill  and  knowledge  brought  by  experience  reduced  the  time  as 
the  work  proceeded. 

The  jackets  were  bored  and  finished  inside  to  their  proper  diameters 
and  then  rough-turned  on  the  outside  the  entire  length  to  O'MO  of  the 
finished  dimensions.  After  shrinking  on  the  tube,  the  shoulder  for  the 
reception  of  the  trunnion-baud  was  finished.  All  thi§  for  each  jacket 
averaged  lli^  hours'  work. 

The  trunnion-hoops  were  first  bored  to  finished  dimensions  and  then 
finished  on  the  outside  except  chipping  around  rimbases  and  fine  filing. 
The  average  time  ibr  each  hoop  was  175^  hours'  work.  The  sleeves 
wore  finish-bored,  and  rough-turned  on  the  outside  to  0.1(K'  of  the  fin 
ished  dimeusioHs.    Average  time  per  sleeve,  2S^  hours. 

The  key-rings  were  bored  out  and  threaded  and  outside  turned  neariy 
to  finished  dimensicms.    ^Number  of  hours'  work,  24  each. 

The  biise-rings  were  fine-bored,  threaded,  and  slotted,  and  finish- 
turned  and  threaded  on  the  outside.    Number  of  hours'  work,  05^  each. 

The  carrier  rings  were  bored,  faced  up,  hinge  planed  out,  outside 
shaped,  latch-pin  fitted,  guide  blocks  made  and  fitted  in  position,  lud 
recess  for  cam  end  of  lever  milled  out,  latch-piu,  hinge-pin,  and  all  parts 
made.     Number  of  hours'  work,  140  each. 

The  breech  blocks  were  bored  for  spindle,  turned  and  threaded,  and 
slotted  on  outside;  guide-grooves  for  stops  and  inclined  grooves  planed 
and  lugs  finished.    Number  of  hours'  work,  179^  each. 

The  spindles,  springs,  and  nuts  required  42  hours'  work  to  finish 
each. 

The  gas-check  rings  were  ground  to  obturator  heads  and  to  seats  in 
the  bores.  A  clearance  between  gas-check  and  seat  of  (K^004  was  left 
The  clearance  between  face  of  breech-block  and  obturator  head  was 
(K'.Oll*.     Number  of  hours  for  each,  30. 

The  lever-handles  and  pins  required  32  hours'  work  to  eomplete  each 
one. 

The  bronze  handles  and  screws  required  to  cast  and  finish  17  honnP 
each. 

ASSEMBLHia  THE  aUN. 

The  jacket,  trunnion-hoop,  and  sleeve  were  successively  heated  by  a 
wooil-fire,  built  over  the  shrinkiug-pit.  The  tube,  or  the  tube  and  piirt 
already  shrunk  on,  was  hung  vertically  from  the  overhead  crane  oat  of 
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the  way  at  one  side  of  the  fire.  As  soon  as  the  member  in  the  fire  had 
expaiuli'd  sutlieiently  the  fire  was  dropped  into  the  pit  and  extinguished, 
the  hanging  \rdrt  moved  along  and  lowered  vertically  into  its  place 
throu,i;h  the  part  which  was  to  besbrunk  onto  it.  Two  rods  on  the  out- 
side of  tlie  heated  member  which  passed  through  a  cross-head,  and 
which  were  at  the  same  time  heated,  contracted  upon  being  cooled,  held 
the  parts  closely  together,  and  assisted  in  preventing  them  from  shrink- 
ing apart.  The  water-ring  and  gas-ring  were  applied,  tocause  the  out- 
side parts  to  contract  first  at  the  upper  or  rear  end.  The  measurements 
of  expansion  were  made  with  pointed  gauges,  which  could  be  set  at  the 
desired  length.   When  they  passed  through,  the  expansion  wassufilcieut. 

Plates  and  a  full  description  of  this  method  and  apparatus  used  is 
given  in  Chief  of  Ordnance's  Report  of  1884,  Api)endix  33. 

The  skrinkage  prescribed  was  0".00135  per  inch  of  diameter,  but  for 
the  first  two  guns  a  shrinkage  of  0'MK)15  was  used,  the  same  as  that  of 
the  experimental  gun  made  in  1884.  This  variation  in  the  relative 
shrinkage  made  hardly  any  difterence  in  the  actual  shrinkage  of  these 
small  guns. 

It  was  intended  that  the  expansion  of  the  outside  part«  should' not 
exceed  0.02  of  an  inch  over  corresponding  diameter  of  the  tube,  but 
this  had  to  be  violated  in  the  trunnion-ring,  owing  to  the  tapered  shape 
of  the  shoulder  that  locks  into  the  jacket. 

The  heating  often  showed  a  dull  red  before  suflQcient  expansion  re- 
sulted. 

The  number  of  men  employed  in  shrinking  was  four,  and  the  follow- 
ing table  (1)  shows  the  length  of  time  required  to  heat  the  different 
l)arts  of  the  four  guns  already  assembled  and  the  amount  of  expansion. 

Tables  2  and  3  give  full  data  as  to  the  amount  of  shrinkage  and  its 
etfects. 


Table  1. — Guns  yos.  1, 2, 1?,  aiid  4. — Time  required  to  heat  parts  and  amount  oferjtanaion. 

Second  gun. 


First  gan. 


Part. 


Time  required.    Amount  of  expansion.  ;  Time  required. '  Amount  of  expansion. 


Jacket 


InchM. 

1  hour  and  20    C  Large  diameter.  0.04 

minutes.         {  Small  diameter.  0. 02 


40  minatee. 


T.u.,„i„oho„p  'iS»-,r«    ^ETof,houid.r-  2:  SJfi  {«"'-'•«- 


Inches. 

...  0.029 


CBore 0.041 

\  Lip  of  shoulder    0. 062 


Sleeve 15  minutes. 


0.  028     20  minut«8. 


0.025 


Third  gun. 


Fourth  gun. 


Parr. 


;  Time  required. 


Amount  of  expansion.     Time  required. 


J»<'ket '  40  minutes . 


Inehei. 
.0.02 


Amount  of  expansion. 


Trunnion -hoop 40  minutes  .. 


CBore 0.042 

I  Lip  of  shoulder.  0. 067 


Sleeve 


]'>  minutes 0.025 


1  hour  and  10 
minutes. 


1  hour  and  20 
minutes. 


Inches. 
.0.025 


5  Bore 0.040 

I  Lip  of  shoulder.  0. 050 


15  minutes. 


0.022 


\r>s 
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Table  *2. — Actual  measurement  of  exterior  of  tube  and  interior  of  jackrt^  itleen,  aad  fra 

ni(fV'band  before  ukrinkage. 


GUN  1. 


^a 


u . 


X 


«  a  ? 

98 -S  ■ 


::-?:  i'^ 


iM 


re 

9  oe 


J4 

s 


J^ 


b  *  i 

«P4    ♦*    Cm 


u 


« 

a 


€ 
2 


Remarks. 


Incheit.      lncht'». 


u 
•I 

4 

W 

III 
I -J 
14 

ii; 

l^ 

•Jt» 

iii 

•Jti 


<».  006 
II.  007 
6.  00^ 
6.  COS 
6.  (-i»8 
Ii  COS 

i:.  0!> 
6.  HOH 
«.  007 
r>.  605 

r>.  606 


27.  1.-. 

.'..  605 

•29.  15 

:.  606 

:n.  15 

5. 6'.i6 

•.i:i.  15 

.'>.  tni7 

:\  f>!Js 
5.  tins 

."i.  !'f«S 
.'i.  iws 
.^>.  91*11 
5.  9i»9 
5.  !»9*> 
5.  999 
5.  Ul>9 
5.  :tg9 
5.  999 
5.  91»S 
5.  5!JS 
5.  598 

'•  597 
.>.  .'»9S 
5.  .'i97 
5.  59S 
5  597 
5.  .'i97 
5.  597 
.'•.  597 


Inrhen.   Iitche*.    Inchf*. 


(KS 

(His 

009 

0<»9 

009 

,  IK>9 

.  Oii9 

,  009 

.  Wl!) 

.  007 

.  IH)S 


.009 
.009 
.009 
.  009 
.009 
.009 
.009 
.009 
.009 
.  Ou« 

.oos 


—.001 
—.001 

0 

0 

0 

(» 

0 

0 

0 
—.001 

0 


MS 

.OOS 

0 

OOS 

WS 

0 

009 

.OOS 

-f  .  001 

010 

.OOS 

l-.OOL* 

.14.  70 

.'i.  606 

5.  |U>0 

.006 

.OOS 

— .  OOJ 

:«i.  70 

5.  i;o7 

5.  600 

.007 

.(KiS 

—.001 

:js.  70 

5,  iio7 

5.  591» 

.OOS 

.  OOS 

0 

40.  70 

.'».  IKI7 

.'i.  ."»1«!» 

.DOS 

.WIS 

0 

4-.'.  70 

5.  (;'»7 

.'».  .'1«S 

.  iKi9 

.OOS 

r.OoI 

44.  70 

5.  i;o7 

5.  .-.9.S 

.  (H>9 

.  OOS 

-:  .  001 

•!6.  70 

.'».  U»7 

5.  ."il® 

.  0(»S 

.OOS 

0 

0". 5  trum  end  of  tiilH^^ti"  fn>iii  einl  ot'j  iL. 


Jacket. 


S  TrnDnion-hand. 


V  Sleeve. 
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Tablk  *2.   -Actual  mca^nrenient  of  exterior  oj  tube  and  interior  ofjackrt,  cVr.  —  ('ontinned. 

GUN  J. 


z^ 


•-  o 


X 


*  5  f 


5.2 


*"    OS 
t-    K    -• 

•—'*.>   OB 


a 

.a 
•   . 

o  s 

.2 


K 


it 

a 


Remarks. 


•> 
4 


Inrhoi. 


^ 

10 

I'J 

14 

1(5 

IH 

•_'<( 

•)•) 

24 

2(; 

I'T. 

15 

1'9. 

1") 

.31. 

i:. 

3.1. 

i:. 

:{«■>.  7i' 
:;."^  7<i 

4')   7(> 
4-.'.  TO 

4J.  :•• 

If..  7(t 


♦  i.  OO.H 

«;.  ()(i!> 

(i.  (»()H 
»i.  ()0I> 
fi.  UK) 
(*.  onu 
<;.  010 

(5-  OOU 

(i.  010 
0.  ()0<» 

<;.  010 
«;.  001) 

(>.  010 

•;.  (lOH 
<;.  010 

(J  009 
«{.  008 
.'..  (.08 

r>.  (;<iK 

.').  «0H 
.'».  (".08 

.^1.  COM 

:>.  tiOh 

.').  608 
.').  (UiH 
'..  (»08 

r».  «jos 

.'').  rt08 


5 


r..  G08 

.')  «)08 
.'..  008 

.'".  r.(>7 

.">  "'.07 

.'i.  tiOS 

.'»  I  III 7 

:•.  cox 

.*.  C.  >7 

.'..  ^)'■^ 

•^  ••.07 

.•i.  ('0^ 

5.  »;i'7 


5.  «"<» 
').  i>98 

f).  999 
U.  000 
6.000 
6.000 
.').999 
6.000 
6.000 
5. 1^9 
5.  999 
5.999 
5.  999 

.'..  598  I 
5.  599  5 

5.  :oi)  I 

5.  '.99  S 
19  } 


.}.  .1 


5.  59h  S 
5.  .'»99  } 
5.  -.98  S 


5.  600  ^ 
5.  600  S 
5.  599  } 
5.  599  i" 
5.  599  ) 
5.  599  S 
5.  599  I 
5.  .599  S 
5.  599  ^ 
5  .59i>  > 
5.  599  I 
5.  599  S 
5.  599  ij  ■ 
5.  .5*»9  5 


Incheg.  Inches.    Inche*. 

009 

.  009  , 

.009  :  0 
.  009  '  0 
. 009  '         0 


.009  I 
.009 

.009  I 

I 

.009  I 
.009 

009 
,009 
,009 

009  I 

009  ; 

009 

009 
009 
009 
009 


6"  from  eutl  of  Jacket -:0".  5  liom  i  ud  of  tiilM» 


009 


0 


I 


.009  ,  0 

.  009  '  0 

I 

.009  I  0 


009  0 

I 
009  0 

008  +.001 

008  i  +.001 


Jacket. 


I ) 


,008  +.001 

.008  4-001 

,008  +.001   . 

,008  +.001  , 


^  TraunioD-haDd. 


008  ' 

.008 

0 

008 

.008 

0 

008 

.008 

0 

008 

.008 

0 

OOH 

.008 

0 

OOS 

.008 

0 

008 

1 

.008 

0 

^  Sleove. 


4<>0 
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Tahle  *i. — Actual  ineastirtment  of  exterior  of  tube  and  interior  of  jacket,  tV'c. — Cimtinaed. 

GUN  3. 


I 


s  » 
3-? 

If 

.5  o 


Inches. 
i\ 

•) 

4 

6 

H 
10 
12 
14 
16 
18 
20 
22 
24 
26 

'St.  15 
29.  i:. 
31.  15 
33.  ir> 


3(5.  70 
3K  Til 

40.  70 
42.  70 

41.  7t> 
46.  "ti 


a  .* 


X 


e  s    . 
u  *  ® 

0,  a  o 
5  2-2 

es  ■*»•-« 

=:     S 
t<  r;  * 

a  ^  P 

'  a-— 


=  c 
si: 

«  s 


I 

.a 

c 

2 


« 


'£ 


hichfji.       Inches.     Inches. 


Bemftrkft. 


0.  007 
«.  (»U7 
«.  01)7 
(J.  U07 
C.  007 
0.(»07 
C.  Oi'7 
0.  U)7 
0  007 
fi.  0(17 
«*..  (HI7 
♦>.  0(»7 
0.  0(>7 
0.007 
«.  (M«7 
0.  it07 
«.  no7 
«.  1107 
:>  600 
5.  0<»« 

r>.  til  10 

5.  0i'6 

5.600 
5.  OOfi 
.').  ti<H> 
.'»  (iUO 
5.  (M)6 
5.000 
:>.  0c6 
5.  (K)0 


n  t   •>.«     S     >^*  006 


.'i  (too 
\  OfiO 
5.  (M^ti 
."..  0(HJ 
5  ('>06 

5.  {um 

.').  (H)6 
.'i.  I'Hifi 
.=>.  006 
5.  606 
.\  606 
5.606 


0.  oou  ^ 
0.  <K)t)  5  " 
.>.  1)98  I 
5. 1)90  3 
5.  9!»8  ^ 
5.  »99  5 
5.  098  ? 
5.  9!M)  3 
5.  9»9< 
.'..  i»99  S 
5. 999  ^ 
5.999  3 
3.  99X  ) 
5.  991)  3 
5.  09S  < 
5.  999  3 
5. 998  < 
5  999  3 
.*>.  998  I 
5.  999  3 
5.  998  (  , 
5.999S 
r>.  !«97  ) 
5.  91)h  3 
5.  :.l)0  / 
5.  599  3 
5.  ."98  I ' 
5  r.99  3 

5.  599  ^  , 
5.  599  3 
5.  599  I  • 
5.  590  3 
5.  :>99  I 
.1  590  3 
5.  599  I 
5.  :.99  3 


5.  599  \ 
5.  599  3 
.5.  599  i 
5.  599  S 
599^ 
599  3 
599^ 
509  3 
5.  598  }  I 
5.  598  S I 
5.  598  X  . 
5.  598  3  ' 
5.  598  \ 
5.  598  3 


.008 
.008 
.008 
.0t»8 
.008 
.008 
.0U8 

.mn 

.008 
.  0(i7 
.007 


Inches.   Inches. 
.  0081      

.0081  

.0081  

.0081  —.0001 

'    .0081  —.0001 

.0081  —.0001 

.0081  —.0001 

.0081  —.0001 

.0081  —.0001 

.0081  —.0001 

.0081  —.0001 

.0081  —.0001 

.0075  -.00(»5 

.0073  —.0005 


007 
,007 

007 
,007 


.007 
.007 
.097 
.007 
.007 
.008 
.008 


March  12,  onler  received  cbaiijring  shriakace* 
from  0".009  to  0".0O81  and  ti".0(NrtoO".OHT:A 
takinic  effect  on  gana  Nos.  3, 4.  and  &,  Sm.  I 
and  2  bavinK  been  flniahed. 


=0".5  ftt>m  end  of  tube. 


'  Jacket 


.0075 
.  0075 
.0075 
.0075 


0006 

0005 

0005 

,0005 


I 


.0075  i— .0005 
.0075  —.0005 
.  0075  — .  00C5 
.0075  —.0005 
.0075  .-.0005 
.0075  +.0005 
.0075    +.0005 


Trunnion-band. 


V  Sleeve. 
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Table  2.— Actual  metuurement  of  exterior  of  tube  and  interior  of  jacket,  ^c. 

GUN  4. 


461 

-Continued. 


3. 


Z   O 


Inche*. 
0 


6 


Inches. 


Inches.    :  Inches. 


4 

6 

8 
10 
12 
14 
16 
IS 
20 

24 

26 

27.  1.') 
20.  1  r> 
:n.  1.') 


.14.  70 
.'iii.  70 

:{H.  7ii 

40.  70 
42.  70 
44.70 
4r..  70 


Inches.   Inches. 
.0081    


a  007 

6.  0U7 
6.  007 
6.  007 
<i.  007 

r..  007 

6.007 
6.  007 
6  (i07 
G.  007 
»!.  007 
6.  007 
6.  007 
6.  007 
6.007 
6.  007 
6.  007 
6.  007 
.1  604 


.'i.  604 
5.604 
5.  604 

.').  601 

.'i.  ♦i04 
a.  004 
:>.  604 
.').  604 

r..  r,  4 
r>  (;(f4 


.•>.  006 
b.  606 

.').  606 

:>.  6u6 
r.  6o<; 
r..  «io6 

.'..  (M)6 
.'..  606 
.'i.  6<i6 
.").  606 
5.  606 
5.  606 
.=>.  «)<'6 
5.606 


5.998^ 

5.  998  5  ' 
5.908) 
5.  998  5 
5.  99S  t 
5.  99«> 
000  ? 
0005 
000/ 

999  5 
000/ I 
000  5  ' 
999  / 
999  5 
5.  999  ? 
5.999  5 
5.999/ 
5.998  5 
5.  999  ^  ' 
5.  \m  5 
.').  99H  ( 
5.  997  5 
5.  598  }  , 
5.  598  5 
5.  597  ) 
5.597  5 

5.  .597  } 
5.  5)97  5 
5.  597  I 
5.  5l»7  5 
5.  .".•>7  / 
5.  597  5 
5.  596  t 
5.  596  i; 


5.600  } 
5.  600  5 
5  .599  ) 
5.  590  5 
5.  600  / 
5.  599  5 
5.  599  / 
5.  59<»  ^ 
5  5'.»9  ; 
5.  599  5 
5.  '^09  \ 
5.  599  5 
5.  600  } 
5.600  5 


.009 

.007 

.0076 

.007 

.008 

.008 

.0085 

.0085 

.0095 

.006 

.007 

.007 

.007 
.007 
.008 


C06 

007 

0065 

007 

007 

007 

006 


.0081 

.0081 

.0081  ,+-0OOO 

I 
.0081  I— .0011 


=0".5  from  end  of  tube. 


.0081 
.0081 
.0081 
.0081 
.0081 
.0081 
.0081 
.0075 
.0075 


—.0006 
—.0011 
—.0001 
—.0001 
+  .0004 
+  .0004 
+  .0014 
—.0015 
—.0005 


Jacket. 


.0075  I-.  0005 
.0075  I -.0005 
.0075  —.0005 
.0075    +.0005 


.0075 
.0075 
.0075 
.0075 
.0075 
.0075 
.0075 


-.0015 
-.0005 
-.0010 
-.0005 
-^0005 
-.0005 
-.0015 


)-  Tmnnion-band. 


Y  Sleeve. 
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Table  'i.— ileaturfmentii  of  liibt  bore  br/ore  and  a/ttr  ikrimJmgc. 

GVN  1. 


•'Wl 


Fnr  B  diKtant'c  of  I".  »v  fmni 
Maiiuum  rtiuiunlir  uf  pow 

Jacket,  rear  of  ahoalder. 


]5Jj  3.149      3.140 


»!ll 
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Tablk  ,i.— Aleasurementa  of  tube  hare  before  and  after  shrinkage — Coutinue<l. 

GUN  2. 


2 


o    . 

a 


I 

14   I 

ir. 

I 

19  I 
21  . 

-2-A  , 


"Jit 

I 

:{.'> 

.'!7 

:?;> 

41 

4? 

i:. 

17 

t'» 
.M 


Ill 


a 


Inchrn. 
3.  ;U(i      I 
3.  7.'):{ 
3.  l.VJ  ? 
3.  i.V.>5 
3.  I.V.'  >  • 
3.  If.'J  5 
3.  152  i 
3.  153  S 
3.  153  ) 
3.152  5  , 
3  1.53)- 
3.  152  5 
3.  152  \ 
3.  152  5 
3.  152  \  , 
3.1.-2  5  I 
3.  152  X 
3.  152  5  ' 
3  152  \ 
3. 152  5  ' 
3.152)  I 
3.152  5  : 
3.  152  { 
3  152  S 
3.  I.'2> 
3.  1.52  5 
3.  ir.2  \ 
3.152  5 
3.  1.52  / 
3.  152  I 
.3.  152  ) 
3.  1.'.2  5 

3.  152? 
3  l.V'5 
:;.  I.")3? 
3.  1.52  5 
3.  1.53? 
3.  152  5 
3.  l.VJ  > 
3.  152  5 


3.  152 
,3 


1.5::  < 

I5-J5 


3.1 


:;  i:.:;j 

3  \:>;  ( 
3  1.  ;  s 
3.15J> 
3.1. -J  5 


3  O  © 

9  a^^^ 


I    S. 


a 

®  s  9^ 
a  S*'^^ 


Actual  oon- 
tractioxiB. 


O  • 


Inche«. 
3. 337 
3.74S 


Inches. 
3.  337 
3.748 


go 

M  5 

H  2 


Inches. 

.009 


•2-3 

s  9 

c  p 


Bemarks. 


005 


Inches. 
.009 
.005 


3. 147 

3.148 

.005 

.004 

3.  148 

3.148 

.004 

.004 

3. 148 

3.148 

.004 

.005 

3.148 

3.148 

.005 

.004 

3.148 

3.148 

.005 

.004 

.3. 147 

3.148 

.005  ' 

.004 

3.147 

3.149 

.005 

.003 

3.148 

3.148 

.004 

.004 

3.149 

3.149 

.003 

1 

.003 

3.149 

3.149 

.003 

.008 

3.149 

3.149 

.003  ' 

.003 

3.149 

3.149 

.003 

.008 

3.149 

3.149 

.003 

.008 

3.  149 

3.149 

.003 

.003 

3.  149 

3.149 

.003 

.003 

.3. 150 

3.150 

.002  1 

.002 

3.  150 

3. 151 

1 
.003 

.001 

3. 150 

3.151 

.003 

.001 

3.150 

3.151 

.002 

.001 

3.  151 

3.151 

.001 

.001 

.3.  152 

3.152 

0 

0 

3. 152 

3. 152 

.001 

0 

3.  152 

3.152 

.001 

.001 

.3.  152 

3. 1.52 

.001 

.001 

3.  1.-.2 

.3.  1.52 

.001 

.001 

3.  l.VJ 

.3.  152 

0 

0 

For  .1  distance  of  I".  80  from  ond. 
Maximam  diameter  puwder-chamber. 

*  Jacket,  re;ir  of  shonlder. 


» Jacket,  front  of  Bhoalder. 


Tronnion-band. 


Sleere. 


At  distance  of  73"  no  vari»tion  from  orif^inal 
bore. 
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Table  o. — Meaimrcment  of  tube  hore  before  and  after  Bhriukag^ — CouCiuue«l. 

QtTTS  8. 


CO 

U 

B 


9 

9 

,  o 
*  at 

^  es 

a- 

98 


rndi<>«.'    Inches. 
I      3.a45 


7 
14 


3. 


15 
17 
19 
21 
23 
2& 


;c  3.15 

:  >  3.  i:. 

{ 

,.   5  3.1.-. 

'  i>  3.1.-. 

M 

iC  3.1-^ 

|{  3.in 


27 


20 
31 
33 
35 
37 
311 
41 
43 
45 
47 
49 
51 
53 
55 


57 


59 

r>i 

63 


3. 
3. 
3. 
3. 

■  t 
•  I 

3. 
3 

I,    3. 

S    3. 
\    3. 

{:!: 

3. 
3 

Hi: 

(    3. 

\i 

\i 

<    3. 

S  'J. 

3 
3. 
3. 
3. 
S. 
3. 
3. 


:l 


154 
1:4 

i:.:< 

154 

l.-.< 

1.-.4 
151 
151 

!.->; 

l.Vi 
153 
153 
\:<\ 
153 
153 
15.3 
IVJ 

l.Ki 

1.-1.3 
l.->3 
J"»3 
i:a 
153 

15'. 
1.-/'. 
151 
l.".{ 
15:t 
l.-.l 
l."3 
153 
153 
VW 

1.-.: 

151 
15:l 

IVl 
15- J 
l.*3 
I. -..3 

i:.;> 

153 
153 
153 
153 
15.3 
153 
153 
I.V5 
153 


I     5-5 

Ivehet. 
X  340 
:;.744 

3.14s 
:i.l49 
3. 140 
3. 14n 
3.U{< 
3  14S 
3. 14H 
3.  14S 
3. 149 
3.1511 
3.  I'O 
3.  1  40 
3.  M9 
3.  1 4:» 
3.14:1 
::.lin 
.-!.  151 
3  151 
3.  15J 

3.  ir.-j 

3.  152 

3.  r.i 

3. 1.-.2 
3. 152 
3.152 
3.152 


Inches. 
8.  340  ' 
3.  744  , 

3.148 
3.  149 

3. 149  ! 
3. 15(1  1 
3. 15.)  I 
3.150 

3. 150 
3  149 
3.  149  ■ 
3.  15U  '■ 
3  150  ' 
3.  l."o 
3.  150 
3.  i:i 

3. 151 
3.  151 

:;.  1,52  ■ 

3. 152  I 
3.  15  J 
.3.  1,52 
3.  152 
3.152 
3.  152 
3. 152 
.3. 15  J 
3.152  ' 


Inehe*. 

.  CH)5 
.006 

.006 
.004 
.0(4 
.004 
.005 
.005 
.003 
.005 
.  Oi»4 
.  (Hi:! 
.  O1.3 
.  1V14 
.004 
.  <K)4 
.i.'OJ 
.001 
.002 
.  <MI2 
.  00] 
.001 
.10: 
.1101 
.001 
.001 
.001 
.001 


Ineh€». 
.005 
.006 

.006 
.005 
.005 
.004 
.003 
.003 
.003 
.004 
.004 
.003 
.0C3 
.003 

.oa3 

.002 
.002 
.  (02 
.001 
.001 
.001 
.001 
.(>01 
.001 
.(K)l 
.001 
.001 
.001 


A  distaBce  of  1".80  fhmi  end. 
Mazimam  diAmnttr  of  itowder-oliaaiber. 

*  Jacket,  ro«r  of  shoulder. 


Jaoket,  front  of  shooldor. 


'  Tnmnion-band. 


^  SloeTe. 


At  75  inches  from  raur.  alxo  ot  bore  !■  S  '.IB, 
J       as  before  shrinking. 


HEPOBT   OF  THE  CHIEF  OF  OBDKAMCB.  4 

Table  3.  —Mttunreman  of  tube  bore  b^are  a»d  after  tkrink^gt—Cohtiuaed. 
OUV4. 


i 

S 

til' 

e-|^     °*  ti^ 

MB. 

{-II 

Hi 

||li- 

1 

s 

BcdiaAa. 

s         a' 

ala 

?!=-'  5g 

IP 

s       i 

1"' 

g"=  !  ^s 

(£"" 

Incha      Inrha 

7n<ifea. 

/»Am.  In 

cA« 

7'       3.Tl(l' 

m 

.oea' 

Uulmma  dUmMu  of  powdflr^bamlwr. 

-iJflS! 

3:Im 

S.U4 

M>3 

003 

'•illlSi 

S.l« 

3.144 

D03 

0O3 

J«k.t,»M  of  .boulder. 

"^UISI 

3.  US 

X144 

ooa 

OOS 

■• !  jikI 

3.IM 

S.144 

cm 

003 

JiDket,  rront  of  •boaldcc. 

s:mj 

3.143 

3.144 

001 

003 

!3 

ii:?} 

3143 

3.I4S 

MM 

003 

, 

3  H7  } 

3-1*4 

M44 

003 

000 

a? ' 

3.146 

3.144, 

001 

003 

39 

SISS 

3.146 

3.144 

«ot 

00s 

tl  \ 

3,  147  i 

3.m 

3.149 

001 

002 

-1 

siiiif 

.a.  us 

3.145 

001 

00s 

1 

3  llH 

3.145 

3i4e 

003 

001 

S7i 

am  J 

.T  U4 

3  14ft  . 

003 

001 

39 

a  147} 

3.145 

3.  us 

ooa 

001 

4, 

31)7! 

3.14a 

S.147 

001 

it 

a'!"} 

3.47 

8.147 

D 

4S  1 

3ut! 

3,147 

.147 

0 

„ 

all? 

3.L47 

3  147 

0 

aiMn. 

m 

iUT 

3  147 

3.147 

0 

.11 

3.UT 

S.147 

0 

M 

iui 

S.H7 

3. 147 

0 

S.U7 
1147 

a.  U7 

3.147 

3.147 

j 

S3 

3.  HI 

.147 

• 

After  havinff  '>een  shnink  together  the  gans  were  finish-bored,  which 
required  2t  lionre'  work  each;  ritled,  which  repaired  66  hoars;  cham- 
bering, 77^  hours;  threading  for  base-ring  aud  assetiibliog  batie-rinff, 
75§  lioiirs;  finish  tumiag  clia-se  sleeve  and  jacket  aud  cbipjiitig  and  fll- 
mg  around  rim  bases,  21  li^  hours ;  slottiug  uud  drilling  for  binge,  29^ 
hours;  making  vent-piece,  drilling  and  putting  in  gun,  30^  hours;  as- 
sembling and  fitting  breech  mechanism,  79  honrs. 
9331  OR 30 


466 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


The  guns  were  star  jjauged  before  and  after  rifling.    Tlie  following  tubl 
(4)  gives  the  results  : 

Tablk  4. — star  gauge  of  bore  hrfore  and  h^Ut  ryUmg. 

GUN  1. 


Bore. 


Inehee. 
19.. 


21... 
23... 
25... 
27... 
29... 
31... 
33... 

;r7.-. 

39... 
41  .. 
43  .. 
45  .. 
47... 
49... 
61... 
53  .. 


a  a 


«§ 

.a  5 
tic 

U 


Z.-S>  H- 


Indie*. 

3. 203 
3.  203 
8.2U3 
3. 2a'l 
3. 21 13 
3. 2t>3 
3.204 
3.  2()3 

3. 204 
3.  204 
3.  2o:i 
3. 204 
,3.  204 
3.  203 
3. 203 
3.203 
3.  203 
3.  2<»3 


Inches. 
3.  2t)3 
3.  203 
3,203 
3.  203 
3.  203 
3. 2'»3 
3.203 
3. 203 

:i  2i»;j 

3. 203 
3.  208 
3.  203 
3. 2l'3 
3. 203 
3.  203 
3.  2t»4 
3.203 
3.  203 


o 
B 

^i 

tcSb 

Inches. 
3.301 
8. 301 
3. 301 
3. 301 
3. 301 
3. 301 
3.301 
3.301 
3. 301 
XflOl 
3. 301 
3  301 
3.301 
3.301 
3.  301 
3.301 
3. 301 

3.  :m 


Bore. 


8 
I 

a 


Inehet. 


I    7 


55.... 

57 

."lU 

61   .. 

o:t — 

R5  .. 

Iw. . . . 

(W  . 

71 

73  ..    . 

75...   . 

77... 

79  .. 

Kl...   . 

83...   . 

i«5 

87 

80 

u 


Is 


E    I 


Iftehfs. 

3.  21M 
3. 201 
3.203 
3. 208 
3.  203 
•3.208 
3. 203 
8.203 
3. 203 
3.203 
3.2C4 
3.204 
3.204 
8.20i 
3.204 
3.204 
3.204 
3.204 


'I 

jci  a 

|e 
h5 


Tnekm. 
3.203 
3.203 
8.204 
3.204 
3.2U3 
8.303 
8.208 
3.204 
3.204 
3  204 
8.204 
8.204 
3.204 
3.204 
8.204 
3.204 
3.204 
3.204 


3.801 
3.301 
3.301 
3.801 
3.301 
3.301 
8.301 
3.801 
3.301 
a  301 
3.301 
3.301 
3.301 
3.801 
8.301 
8.801 
8.801 
8.801 


i 


GUN  2. 


.  19.. 

■    3.2«>4 

3.  2(»4 

3.  303 

55.... 

..     8.200 

8.203 

&308 

21.. 

. . .      3.  2('4 

3.203 

3.  :I4I3 

57.... 

..      3.200 

8.206 

3.803 

'  23.. 

.   .      3.2-4 

3. 204 

3  303 

.•iO  .. 

..      3.206 

3.200 

3.  .103 

25.. 

3.  204 

3. 2iM 

3. 3i'3 

61... 

3.206 

8.206 

8.303 

27.. 

3.  204 

3.  2it4 

3.  303 

63... 

..      3.206 

3.206 

3.802 

20.. 

3.2«'5 

3. 2(>4 

3.  303 

6.-V... 

3. 206 

3.206 

X3Q2 

31 . . 

.      3. 2: .". 

3.  2'»4 

3.30:i 

67.    . 

:    3.206 

3.206 

3.302 

33... 

3.  2«  5 

3. 204 

3.3(-3 

60  .V. 

.      3.200 

8.200 

8.808 

1  3r>. .. 

3. 2l»5 

3.  204 

3.303 

71   ... 

.  1    3.206 

3L206 

8.802 

.  .37... 

. .      3. 2«i5 

3.2l»4  ' 

3.  31*3 

1  73 — 

..;    3.200 

8.200 

8.808  J 

1  30.. 

3.  2"'r» 

3. 2o:. 

3.  303 

7...... 

'    .'«.206 

3.206 

8.  802  1 

,  41.. 

3.  2or. 

3. 2i'4 

3. 302 

II.    . 

8.206 

3.200 

8.802  • 

1  4.;  .. 

3.  'JO.'i 

3.  204 

3. 3irj 

79... 

3.206 

3.206 

8.302  1 

45.. 

3.  20."i 

3. 204 

3.  302 

M... 

3.206 

3.200 

8.302  ' 

47.. 

3.  20.-. 

3. 20." 

3. 3011 

ft... 

.       3. 206 

3.306 

3.308  . 

■  49.. 

.  .      3.  20.-. 

3. 2(»5 

3. 302 

h5... 

.1    3.206 

8.205 

8.808 

,  61.. 

3. 200 

3. 205 

3.3" '3 

87... 

:i206 

8L207 

8.802  1 

53... 

.      3.2r6 

3.  205 

3.303 

80... 

..>    3.205 

3.205 

aL8Q8  { 

1 

GUN  3. 


,  19... 

-       3. 200 

3.20O 

3.300 

55... 

8.201 

8.201 

8.808 

'  21  .. 

. .    .^  200 

3.200 

3.300 

57.... 

3.201 

8.201 

aL800 

23  .. 

3.::io 

.3.  201  ► 

3. 3<  0 

59.... 

3.  201 

8.201 

3.801 

'  25... 

- .      3. 20«» 

3.200 

3. 3<wi 

61... . 

3.2tH 

3.201 

3.800 

'  27.    . 

3.2O0 

3.  2<»'» 

:{.3«io 

6:i  ... 

».2o: 

3. 201 

1800 

29... 

3. 21 0 

.3.  -JI.O 

3. 30O 

c.-.  ... 

3.201 

3.201 

3.800 

31    . 

3. 2(Hi 

.':  2<M» 

3.  301 

Ii7   ... 

3. 2i>l 

3.201 

8.801 

•  .«... 

8.  2(Ki 

3  2«  0 

3.  3iH 

GO 

3. 201 

:<.2o! 

8:801 

35... 

3.200 

:j,  210 

3. 301 

71    .... 

3.201 

3.201 

3.801 

.37... 

3.  200 

3.  2t:0 

3.  3(Nt 

73... 

3.201 

3.201 

SLOOl 

39... 

3. 200 

3.  2<-0 

3.  301 

lit.    . . 

3. 202 

3.201 

3.301 

41... 

3.2»'l 

3.  21  u 

3.  301 

77 ... . 

3. 202 

3.201 

8.801 

43  .. 

3.  201 

3.  2'»'> 

3.  301 

70  ... 

:j.202 

8.201  • 

8.800 

45... 

3.  JiH 

3,  2-  0 

3.  3iil 

81    ... 

3. 202 

3.201 

8.801 

47... 

3.  ::t>i 

3.  2' 11 

3.  301 

K3    ... 

3.202 

8.201 

8.801 

49  . 

3.  2iH 

:i.  ■:■'! 

::.  :!'>] 

8.'-. 

3. 2«'2 

8.201 

8.801 

51... 

3.  JOl 

.3. -Ill 

3.:ul 

^7 

3.  2i»2 

3.901 

3.801 

53     . 

:i.2«H  , 

1                t 

3.20J 

3.  3«'l 

J'9.... 

,    3.202 

r 

3.201 

8.801 
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REMARKS. 

The  fabrication  of  a  new  gun  quite  complicated  in  its  structure  and 
requiriug  fine  workmanship  is  at  first  attended  with  some  difiBculties, 
the  ])riucipal  of  which  is  that  of  procuring  workmen  sufficiently  skilled 
in  close  and  fine  work  to  be  able  to  turn  and  bore  the  surfaces  accu- 
rately and  make  the  parts  of  the  breech  mechanism  fit  perfectly  to- 
gether and  to  be  interchangeable  between  dififerent  guns.  This  latter 
requirement  necessitated  the  making  of  many  templates,  ^'umbers  of 
tools,  fixtures,  and  appliances  were  also  made  for  use  with  these  few 
guns,  which  would  of  course  be  available  for  many  more.  Indeed,  five 
guns  is  just  about  enough  to  give  the  proper  instruction  to  a  gang  of 
men  and  to  get  a  proper  supply  of  such  accessories  as  to  enable  us  to 
go  on  in  the  constniction  with  celerity  and  economy. 

The  number  of  hours'  work  given  above  as  necessary  to  complete  the 
different  parts  is  an  average  for  these  guns  now  reported  on,  but  it 
should  not  be  inferred  that  that  number  of  hours  would  not  be  con- 
siderably reduced  in  the  next  five  guns.  Twenty-five  guns  could  be 
made  at  a  less  cost  per  gun  than  five. 

The  foreman  and  another  workman  were  the  only  men  who  had  hud 
any  experience  with  this  class  of  guns  and  almost  the  only  ones  who 
had  ever  worked  on  guns.  Several  men  were  tried  and  found  wanting, 
and  others  were  instructed ;  but,  as  might  be  expected,  mistakes  were 
made  and  mishaps  occurred.    These  were  as  follows : 

In  shrinking  together  the  first  gun,  because  of  the  inexperience  of 
the  assistants  a  close  joint  was  not  made  between  the  sleeve  and  tmn- 
nion-hoop.    This  was  remedied  by  calking. 

Again,  in  screwing  in  the  first  base-ring  the  inside  threads  were  in- 
jured.    It- had  to  be  bored  out  and  another  one  used. 

In  heating  the  trunnion-hoop  for  the  fourth  gun  it  was  found  that 
even  a  red  heat  failed  to  expand  it  sufficiently  to  get  it  over  the  lip  of 
the  locking-joint  on  the  jacket.  It  was  therefore  withdrawn  and  an- 
other trunnion  hoop  used.  If  it  is  determined  to  use  the  hoop  which 
failed  to  expand,  the  taper  of  the  lip  will  be  slightly  changed. 

It  will  be  ()l)served  from  Table  4  that  guns  1  and  2  were  slightly  over- 
bored.  It  is  of  course  a  difficult  matter  to  bore  to  exact  dimensions,  and 
it  is  i)robably  never  accomplished ;  but  in  order  to  approximate  to  within 
one-thousandth  of  an  inch,  one  or  more  inches  of  extra  length  of  tube 
forging  is  requisite,  which  surplus  length  we  did  not  have. 

The  method  of  heating  by  wood  fire  offers  some  advantages  for  these 
small  guns,  but  upon  the  whole  is  not  as  convenient  or  as  contrbllable  as 
a  heating  iurnace  would  be.  If  a  sufficient  number  of  guns  to  authorize 
the  expense  were  to  be  made,  it  would  be  best  to  build  such  a  furnace 
for  future  use. 

i  t  is  thought  that  the  following  defects  may  be  found  in  service  in  the 
use  of  tliis  gun  : 

(1)  It  has  no  automatic  method  of  preventing  firing  before  the  breech- 
block is  closed  and  locked  in  its  place.  This  defect  cannot,  I  believe, 
without  iundameutal  changes,  be  remedied.  The  only  partial  remedy  is 
to  take  (»xtra  precautions  when  firing  to  see  that  the  lever  is  closed 
clown,  which  alone  indicates  that  the  gnn  is  in  condition  to  fire.  Too 
inncli  care  cannot  bo  exercised  on  this  point. 

(2)  The  lever  handle  is  now  too  loose  on  its  hinge.  Any  rapid  move- 
ment of  t  he  battery,  especially  over  rough  ground,  will  cause  this  lever  to 
tlo[)  up  and  down,  to  the  danger  of  loosening  the  block  and  injuring  the 
lever  itself.  A  fricition  spring  or  some  other  simple  device  could  easily 
be  put  in  to  remedy  this  defect. 
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(3)  The  bronze  handle,  not  being  in  the  center  of  the  block,  draws  to 
one  side,  and  therefore  requires  a  little  more  care  and  effort  in  with- 
drawing and  inserting  the  block  to  i^revent  sticking  or  bindinic.  It  r^ 
qnires,  in  fact,  both  hands  to  manipulate  it  with  certainty.  This  deftft, 
if  it  can  be  called  one,  cannot  probably  be  remedied. 

The  inspection  reports  of  the  three  complete<1  gans  are  appended. 

InBjMctUm  report,  ^c 
GUN  I.* 


Sal^ect  of  meMnremeot. 


Length  of  uim  (total) 

Lenf:th  of  d*>i  o 

Maximam  diameter 

Lep^i  of  tabo 

EiteriordiamirteriiftnV  for  lA  inches  frrm  rear 

Exterior  diamc-ter  of  tube  firom  IV  ioahes  from  rear  to  42.50  inches 

Exteiior  diaiui  tcr  at  the  muzzle 

Interior  diameter  of  powder-chamber  (maximnm) 

I^njzth  of  powder-chambor.  

Len;!th  of  Jacket 

Maximum  extrrlor  diameter  of  Jacket 

Minimum  exterior  diameter  of  Jacket 

Inside  diamcttr  of  i ticket  frorfi  rear  to  23.5  inchen 

Inside  diameter  of  3ackt>t  fur  3.65  inches  from  front  end 

Length  of  )ocl;in{;-8honIder 

Exterior  diameter  at  extreme  of  loekin*-»honMcr 

Exterior  diameter,  at  lace  of  Jacket,  of  locking-shoalder 

Correspondiog  diameters  of  reeesR  in  trunnion-band I 

Length  of  trunnion-band 

Exterior  diameters  of  trunnion-band  (tapering) 1 

Interior  diameter  of  trunnion-band  (except  locking-recess) 

Diameter  of  trunnions 

Length  of  trunnions 

Distance  between  lim-lwises    

Ihameter  of  rim-basex         

Length  of  Itnse-rinu 

Diameter  of  b;:se-rin;:  outside  of  threadn 

Ini«i<-ediameterof  base-ring  (breech-plug  threads) 

Outside,  threadeil  a  length  of 

Inside,  threaded  a  length  of 

Length  of  sleeve 

Exterior  diameters  of  sleeve  (tapering)  .  5 

Inside  diameter  of  sleeve 

Length  of  key  ring 

Extnior  diameters  of  key  ring  (tapering)  f 

Inside  diameter  of  screw-threadH  of  key-ring    

Pitch  of  scn>w-threads  of  key-ring —        

Pitch  of  screw-threads  of  base-ring  (outside) 

Pitch  of  screw-threads  of  bn*ech-ploe 

Length  of  breeoh-plng  (total) 

Diameter  of  breeoh-ptuga  (outside  threads) 

Distance  fh>ni  rear  end  of  Jacket  to  center  of  trunnions 

Length  of  rifling 

Number  of  grooves 

Number  of  lands. 

Width  of  lands 

Width  of  grooves 

Depth  of  grooTM 


9a7 

ase 

OLOW 

5.608 

&.10 

3  8 
10.0 
27.15 

ft.  .16 

OLOO 

5.60 

LS5 

6.602 

6L559 

&»0 

6LM28 

aso 

8L46 
7.60 
5l60 
3.80 
2L85 
Il50 
4.80 
4.00 
6.35 
4w03 
8.80 
4.00 
18.M 
6.80 
6>80 

S.00 

6.86 
ftSO 
8l82 

0l26 

0.25 

0.40 

&45 

4.47 
10.80 
7L6S5 
81 
84. 

6LU88 

«188 

Ol65 


I 


817 
812 
IS 


27. 


0 

u 


ua 


7LSM 

81 
K 
llUi 

aai 


*  Twist  aniform.  onn  tora  in  80  oalFoers,  6^  angle;  weight  of  gon,  801|poaBdo; 
poonds. 
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TnspeoHon  report  ^  ^o. — Con  tinned. 
OUN  2.t 


Subject  of  measoreraent. 


Dimeiuioiift~ 


Length  of  f^in  (total. 

Leof^hofbore 

Maximiim  diameter 

Length  of  tube 

£xterior  diameter  of  tube  for  eij2;bteeii  inoh««  from  rear 

Exteriur  diameter  of  tube  fh)m  18  inchea  from  rear  to  42.60  laoliea 

Exterior  diameter  at  muzzle 

Interior  diameter  of  powder-cbamber  (maximum) 

Length  of  powder-chamber 

Length  of  jacket •. ;. 

Maximum  exterior  diameter  of  Jacket 

Minimum  exteiiordiameter  of  jacket  a. 

Inside  diameter  of  jacket  from  rear  to  ^5  inchea 

Inside  diameter  of  Jacket  fi>r  3.66  inchea  Arom  front  end 

Lenj^h  of  locking-shoulder 

Exterior  diameter  at  extreme  of  locking-shonlder 

Exterior  diameter  at  face  of  jacket  of  locking-ahoolder 

Corresponding  diameters  of  recess  in  trmmioii-baiid I 

Length  of  trunnion-band 

Exteiior  diameters  of  trunnion-band  (tapering) i 

Interior  diameter  of  trunnion-band  (except  locking-reoeas) 

Diamet or  of  trunnions 

Length  of  trunnions  

Distance  between  rim-bases 

Diameter  of  rim-bases 

Length  of  base-ring 

Diameter  of  base-ring  outside  of  threads 

luHide  diameter  of  base-ring  (breech-plug  threads) 

Outside,  threaded  a  length  of 

Inside,  threade<l  a  length  of 

Length  of  sleeve 

Exterior  diameters  of  sleeve  (tapering) ••••••  I 

Inside  diameter  of  sleeve 

Leugthof  key-ring 

Exterior  diameters  of  key-ring  (tapering) I 

Innide  diameter  of  screw-threads  of  key-ring '. 

Pitch  of  screw-threads  of  key-ring " 

Pitch  of  screw-threiidsof  base-ring  (outside) 

Pitch  of  Rcrew-thfea<l8  of  breech-plug » 

Len>£ih  of  br»*ecli-plug  (total) 

Diameter  of  breecn-plug  (outside  threads) 

Distance  from  rear  end  of  jacket  to  center  of  tnuDDioiis 

Length  of  ritling 

Nuuibi-r  of  grooves  

Nuinl)er  of  lands 

Widih  of  lands 

Width  of  grooves 

Depth  of  grooves 


Pieeeribed. 


90.7 
83.2 

9.66 
85.2 

0.009 

5.608 

5.10 

8.8 
10.0 
27.15 

9.66 

&40 

6.00 

5.60 

1.25 

6.602 

6.599 

6L660 

6.5028 

&80 

8.40 

7.60 

5.60 

8.80 

2.85 

9.50 

4.80 

4.00 

6.85 

4.08 

3.80 

4.00 

laao 

6.80 

6.60 

6.60 

8.00 

6.50 

6130 

Si  82 

0.26 

a25 

0.40 

6.45 

4.47 
80.80 
71. 525 
24. 
24. 

0.1188 

0.80 

a05 


Actual. 


Inehet. 

90.7 

83.2 
a56 

85.1! 
6.009 
5.6U8 
5  10 
3.7t)8 

10  00 

27.15 
0.56 
8.40 
o.  WB 
5.509 
1.25 
0.0(H 
6.560 
6.549 
6.595 
&80 

a  40 

7.60 

5.509 

3.80 

2.85 

9.50 

4.799 

4.00 

6.35 

4.03 

aw) 

4.00 
18.30 
6.80 
6.60 
6. 599 
8.00 
&50 
6.30 
5.32 
0.26 
0.25 
0.40 
6.45 
4.47 
8a  30 
7L530 
24. 
24. 

0.1188 
0.80 
0.05 


t  Twist  uniform,  one  turn  in  30  oaliben,  6^  aagle ;  welj^t  of  gim,  804|  poondi;  prepoDderaiioe,^ 57 

pounds. 
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JiMpeeN^ii  report,  fe. — Continiied. 


GUHB.* 


Sabjeot  of  meMareaiMiit. 


r..eugtb  of  Klin  (total) 

Lenuth  of  bori'  

Maximum  diiinieter  

LoD^th  oftulM*  

Exterior  diaiiu'ter  of  tnbt^  for  18  inches  from 

Exterior  (Hnmcter  of  lubo  fh>iD  18  indiM  fh>m  nar  to  4S*60  inehea 

Exterior  diunioter  :it  muzzle 

Interior  diameter  of  powder-chamber  (maximom) 

Leo/ith  of  |Miwder-irhamber 

Leuf^th  of.iocket 

Maximum  exterior  diameter  of  jacket 

Minimum  exterior  diameter  o(Jacket 

Int^ido  diameter  of  Jacket  from  ri'ar  to  23.5  inohes 

Inside  diameter  of  jacket  for  3.65  inchea  from  ttont  end 

L«nf(tb  of  lockio>;-abou1der 

Exterior  diameter  at  ext r(>m«  of  lockins-shonlder 

Bxterior  diameter,  at  face  of  jacket,  of  lockinK-shoalder 

CorreBpondin;;  diami*ter8  of  recess  in  trunnion-band < 

Length  of  t mnnion-band 

Exterior  of  diameters  of  tnmnion-band  (taperinj?) Z 

Interior  diameter  of  trunnion- band  (except  looking-reeeaa) 

Diameter  of  trunnions 

Length  of  truuni<ms 

Distance  bet  woi-n  rim-bases .* 

Diameter  of  rim-banes 

Length  of  bose-riuK 

Diameter  of  iKise-iin^  ontsido  of  threads 

Innide  diiimeter  of  liase-ring  (hi  eech-plag  threads) 

()nt.'«ide,  ihi  f uded  a  lenjith  of 

Inside,  thieatled  a  It'u^tb  of 

Lenjith  of  nleevc* 

Exterior  diameters  of  sleeve  (tapering) I 

Inside  diameter  of  slet've » 

Length  of  key-ring 

Exterior  diamet«'r»  i»f  k«'yrin;i  (tapering)  < 

Inside  diameter  of  sen.'w-tli reads  of  key-ring 

Pitch  of  scnw-thieadH  of  key-ring 

Pitch  of  sen'W-thri'uds  of  Ituse-ring  (outside) 

Pilcli  i»f  6i-rfvr-t  hreiids  of  lireoch-plng 

Len;;th  of  bn-eeh-plug  (total) '. 

Diameter  of  bu'i-ch-pliii:  (tMitside  thrfftd"*) ■ 

DibtanVe  from  riMr  end  of  jaekft  to  center  of  tmiinions 

Leujiith  of  ritiiug   

Xuml'-er  of  i;nH)v«'s     

NumlM-r  of  iuuds 

Width  oflands 

Widtli  i»t'  nrtM>vi*H 

I>epth  of  }:nM)vt»« 


DimenMiuni 


Praaorlbetl. 


M.7 
83.2 

9.56 
85l2 

6.006 

6lO075 

SwlO 

as 

10.0 
27.15 

fll50 

&40 

OLOO 

5l» 

1.25 

6.002 

«.5» 

&55U 

6.5028 

&80 

&40 

7.00 

5.00 

1.80 

2.85 

aso 

4.80 
4.00 
a35 

4.03 

aso 

4.00 

ia:to 

&80 
0.60 

aoo 
auo 

0.50 
6.30 
5.32 
0.20 
a35 
a  40 

a45 

4.47 

aaso 

7L525 

24. 

24. 

o!n88 

aso 

ao5 


I 


AelnuJ. 


a*: 

t.Sf 

ia(M 

'27.  lA 

asi 

&40 

xm 

5.911 
1.2S 

aoe 

C55; 

ass* 
asM 

a» 

7.61 

as9 
a» 

2.0 

as« 

4.61 

4.61 

aas 

4.ia 
xm 

461 

1l3i 

6lM 

a6i 
asas 

au» 
aso 
ax 

5.32 

a36 

u.2i 

a4i 
a4» 
a  47 

aa» 

7L5» 

24. 

24. 

<lLll« 

VLSI 
».6J 


*  Twist,  uniform,  one  torn  in  3U  calibers.  0°  angle;  weight  of  gun.  ^04|  poan«la;  prtyouJ^r^acr.  S7| 
pounds. 


MMi 


Appendix  31. 


REPORT  ON  PACKING  OUTFIT  FOR    THE  UOTCHKISS  MOUNTAIN  GUN 
By  Libut.  Col.  D.  W.  Flagler,  Ordnanck  Deparymbnt. 

(17  plates.) 

Book  Isla^nd  Arsenal,  Rock  Island,  III., 

December  31,  1885. 

Sib  :  In  compliance  with  your  instra  tions,  I  have  prepared  and  have 
the  honor  to  transmit  herewith  a  report  on  the  sabject  of  packing  the 
llotchkiss  mountain  gun,  carriage,  and  ammunition;  and  traction  of 
the  gun  and  carriage;  witli  drawings,  and  description  of  pack-saddles 
and  packing  outfit,  and  draught  harness,  and  traction  outfit,  which  I  have 
l)rei)ared  and  recommend  for  the  service.  The  saddles  and  packing  out- 
lit  which  I  have  prepared  have  been  so  many  times  altered  and  improved, 
while  testing,  using,  and  perfecting  them,  that  they  are  now  only  fit  to 
serve  as  models  in  making  others,  and  to  show  more  clearly,  than  draw- 
ings can,  all  the  devices.  As  suggested  in  the  report,  and  for  reasons 
given  there,  1  think  if  these  idans  are  approved,  one  or  more  complete 
pa(;king  outfits  shoukl  be  made  and  subjected  to  trial  in  actual  service 
before  the  final  adoption  of  exact  models. 

I  regret  the  long  time  which  has  been  required  for  the  preparation  of 
this  report  and  for  the  preparation  and  trial  of  the  packing  outfit,  but 
ir  has  involved  much  tedious  labor  on  a  subject  with  which  1  have  here- 
tofore had  no  exj)erience,  and  needed  an  amount  of  leisure  which  it  was 
hard  to  obtain  from  other  work. 

V(»rv  respectfully,  your  obedient  servant, 

D.W.  FLAGLER, 
Lieutejiant  Colonel  of  OrdfumcCj  Commanding. 

The  Chief  of  Ordnance  U.  S.  A. 

Washington^  D.  C, 


HOTCHKISS  mountain  GUK  PACK. 

LIST  OF   DRAWINGS. 

Gun  and  wheels  pack. 

Plate  I.  — Pack-saddle  forguu  and  wheels  (side  view). 
Platf  II. — Pack-saddle  with  gun  (only)  in  position  (side  view). 
Piati-  III. — Pack-saddle  with  gun  and  \^heel8  packed  (side  view). 
Plate  I  v.  — Pack-saddle  with  gun  and  wheels  packed  (end  view). 

(Details  of  car«;o  cincha,  and  wheel  pads  for  ^n  and  wheels  pack-saddle  are 
shown  in  detail  drawing,  Plate  XIII.) 
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GuH-carriagt,  and  kamesipole,  pole-ffoke,  and  9plinUT'bar  jNMfc. 

Piatt)  v.— pack-saddle  lor  carriage,  harness,  Slc.  (side  view). 

Phite  y I. —Pack-saddle  for  carriage,  harness,  Sui.j  with  only  hameaB,  pole,  pole-fik^ 

and  splinter  packed  (side  yiew). 
Plu'e  VII. — Puck-saddle  with  carriage,  harness,  pole,  pole-yoke,  and  Kplintcr  hs 

]>acked  (left- side  view). 
Plate  Vlil. — Pack-saddle  with  carriage,  harness,  pole,  pole-yoke,  and  aplintar  hs 

packed  (right  side  view). 
(Details  of  cargo  cincha  for  gun-carriage,  harness,  Ac.,  packa  are  shown  oQi^ 

tail  drawing,  Plate  XIV.) 
Plato  IX.— Mnles  h'tched  to  carriage  for  draught  (ofif  mule  omitted). 

Ammunition  paek, 

Plato  X. — Pack-saddle  for  ammonition  (side  view). 

Piute  XL— Pack-saddle  with  ammunition  packed— six  hoxes  with  12  roundi  in  Mch 

box  (side  view). 
Pluto  XIII.— Detail  drawing. 

Ki^.  1.  Cargo  cincha,  showing  wheel  pads. 

Fig.  "2,  Belly  cincha,  with  wheel  straps. 

Fi^,  3.  Gun  pad,  to  protect  gun  from  wheels. 
Plate  XIV. — Detail  drawing. 

Fig.  1.  Splinter  bar. 

Fig.  2.  Pole. 

Fi;;.  o.  Carriage,  showing  splinter-bar  hooks. 
Plate  XV. — Detail  drawings. 

Figs.  I  and  2.  Plan  and  side  view  of  cincha  for  packing  carriage. 

Fi^H.  3,  4,  and  5. — Front  view,  section,  and  side  view  of  wooden  cinoha  bloek. 
Plate  XVI. — Ammunition-box. 

Fig.  1.  Bottom  view. 

Fig.  2.  Side  view 

Fig.  3.  Horizontal  section. 

Fig.  4.  Vertical  and  longitudinal  section. 

Fig.  5.  End  view  with  cover  removed. 
Pluto  XVII.— Showing  model  of  packing  2  ammunition  boxes  on  giin-carria|{e  pack. 


Bock  Island  Arbbnai^ 

December  20,  18S5. 

The  Hotohkiss  Mountain  Gun  Pack. 

apar£:jos« 

Apar^o  and  albarda  are  the  two  Spanish  words  for  pack-saddle.  The 
latter  is,  perhaps,  more  generally  used  for  pack-saddle,  as  the  former  is 
also  the  general  word  for  harness,  tackle,  gear,  apparatus,  &c.  I  think 
in  our  service  we  have  come  to  use  the  word  apar^o  to  distingaish  the 
])arkiug|>(i(7.«,  which  Spanish  nations  use  for  miscellaneons  i>ackioi;oii 
animals,  from  the  permanent  packsdddles  which  we  use.  The  apu^ 
used  for  miscellaneons  packing  by  the  Mexican  people  consists  of  a  pad. 
genei-ally  about  30  inches  long,  lengthwise  of  the  animal's  body,  and 
about  4  feet  v\  ide,  measured  from  bottom  to  bottom  over  the  animaPii 
back;  or  of  two  pads  fastened  together  along  the  animal's  baokbouev 
which,  taken  together,  will  give  about  the  above  dimensions.  These 
pads  are  stuffed  sacks,  the  sacks  being  made  of  leather  or  eaavaSv  ^ 
old  gunny  sacks,  &c.  The  expert  packer  first  collects  and  makes  a  Btody 
of  the  articles  or  load  to  be  ])acked.  He  then  stufib  the  pads  with  hay, 
straw,  tow,  grass,  brush,  and  sticks,  or  whatever  is  available,  having  in 
view  the  requirements  of  the  load  he  is  to  pack.  For  the  best  packing 
he  is  provided  with  many  Hat  elastic  tough  wooden  sticks.    The  pad- 
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ding  and  these  sticks  are  arranged  to  relieve  the  animal's  back  and 
sides  from  hard  pressures  on  small  areas  by  forming  springs,  which 
spn^ad  stich  pressures  over  large  areas.  This  stuffing  the  pads  for  par- 
ticular loads  is  an  important  part  of  the  packing,  and  requires  natural 
aptitude  and  long  experience  to  give  excellence.  It  is  carried  on,  and 
altered  and  perfected,  through  study  ^.nd  feeling  the  pressures,  not  only 
while  the  load  is  being  packed,  but  throughout  the  march.  During  the 
first  days  of  the  march  the  packer  will  frequently  change  and  improve 
this  padding,  for  the  better  protection  of  the  animals,  until  it  is  so  per- 
fect as  to  remove  the  danger  of  sore  backs. 

The  apar^jo  is  fastened  to  the  animal  with  the  apar^jo  (or  saddle)  cin- 
cha.  The  padding  is  arranged  to  spread  this  pressure  also,  and  give 
the  pad  a  better  grip  on  the  animal's  body.  • 

Packiiuj, — Articles  are  packed  on  and  fastened  to  the  apar^jo  with  a 
cargo  cincha  over  all  and  around  the  animal's  body,  and  by  lashing 
thongs  and  ropes,  generally  attached  to  the  cargo  cincha  and  drawn 
over  the  articles  and  underneath  the  corners  of  the  pads  and  over  the 
back  of  the  animal,  in  various  ways,  depending  on  the  expertness  of  the 
packers. 

After  the  pads  are  stuffed  and  secured  to  the  animal,  perfection  in 
packing  consists  in  so  arranging  the  load  that — 

(1)  It  shall  ride  securely. 

(2)  It  shall  not  hurt  the  animal. 

(3)  It  shall  occupy  the  least  possible  space,  and  have  its  center  of 
gravity  as  near  as  may  bo  at  the  proper  point;  that  is,  so  that  changes 
of  the  animal's  position  will  change  the  position  of  the  center  of  gravity 
of  the  load  with  reference  to  the  animal  as  little  as  possible.  Perfec- 
tion in  this  kind  of  packing  depends  on  the  natural  aptitude  of  the 
packer,  and  requires  a  life-time  of  learning  and  experience.  It  is  the 
most  i)errect  method  of  packing  if  expert  packers  are  at  hand.  The 
mere  descTiptiou  of  the  method,  however,  shows  clearly  that  it  is  not 
available  for  and  would  not  meet  the  wants  of  our  service  in  packing 
guns,  carriages,  and  ammunition  in  active  service.  Expert  packers  for 
these  articles  would  not  be  at  hand  at  the  times  when  and  places  where 
such  packing  would  be  required  suddenly.  Certainty  of  being  able  to 
pack  a  gun,  &c.,  in  some  way  is  of  Xh^  first  importance.  Then  the  pack- 
ing should  be  as  perfect  as  is  practicable. 

The  next  best  method  of  packing,  and  apparently  the  only  one  availa- 
ble when  expert  packers  are  not  at  hand,  is  to  provide  a  pacA;-«a(?dIe,  or 
permanent  apar^jo,  which  shall  fulfill  the  conditions  of  the  apar^jo  as 
nearly  as  possible,  and  on  which  soldiers  and  men  of  ordinary  intelligence 
and  little  or  no  experience  can  pack  a  load,  probably  not  in  the  very 
best  manner,  but  with  certainty. 

In  consequence  of  the  difficulty  or  impossibility  of  procuring  expert 
packers  when  required  suddenly  for  Army  service,  the  Quartermaster 
Department  has  adopted  and  is  now  using  a  permanent  pack-saddle, 
de viscid  by  Mr.  Thomas  Moore,  and  known,  I  believe,  as  the  Moore  pack- 
saddle. 

The  reasons  lor  adoptmg  a  permanent  pack-saddle*  instead  of  an  apa- 
r^jo,  for  the  mountain-gun  pack,  are  moi  e  apparent  and  more  imperative. 
The  articles  to  be  packed  being  always  precisely  the  same,  it  should  be 
possible  to  devise  a  better  special  pack-saddle  for  the  special  case.  A 
con^nianding  officer  of  a  post  is  more  likely  to  be  called  upon  hastily  to 
pacik  a  gun,  &c.,  for  an  expedition  than  the  Quartermaster  Department 
is  to  pack  supplies,  and  he  is  less  likely  to  have  expert  packers  at  hand. 
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tufted  and  laced  to  saddle  skirts  with  rawhide  thongs  and  screwed  aecnrely  te  «di 
bars  along  top  edge  of  pad  through  leather  facing 

Saddle  ciochas,  made  of  No.  1  cotton  duck,  10  inches  wide,  with  m  lati«o  turn  m 
each  end,  with  chapes,  and  sewed  to  cinoha ;  one  latigo  strap  sewed  into  iStigo  ina; 
one  circular  piece  of  leather,  3f  inches  in  diameter,  with  leather  thon^  (into  wkkk 
the  latigo  strap  is  fastened  after  lashing  on  saddle)  sewed  on  eincha,  13  incheafrosiaaA 
on  same  end  as  latigo  strap. 

Crupper  is  composed  of  2  leather  side  pieces  and  1  dock ;  side  Dieoes  are  lined  with 
light  leather  and  stitched  together;  two  side  pieoes  ^ined,  dock  ae^rod  mmaadttm- 


ter  and  stuffed,  and  ends  sewed  on  side  pieoes ;  side  pieces  re-enforced  on  each  eidir 
a  2-inch  strip  of  leather,  with  holes  punched  for  lacing  to  saddle  'with  a  rawiia 
thong. 

Cargo  cinchas  are  made  of  2  thicknesses  of  No.  1  cotton  dnck,  10  inobea  widsb  «iA 
latigo  irons  and  straps  on  each  end,  with  holes  punched  for  belly  oineha  bodlt- 
tongue. 

Carj;o  cincha  for  carriage  is  faced  in  center  with  leather,  which  has  a  olot,  10  iacte 
long,  for  passing  over  elevating  screw  of  carriage,  and  is  screwed  on  a  blook  wUsk 
fits  t)ct  ween  the  flanges  of  the  trail  of  the  oarriafle. 

Cargo  cincha  for  gun  and  wheels  is  faced  wiih  leather,  which  is  left  lon^  enoa^li 
make  chapes  for  latigo  irons ;  2  slots  in  center  to  pass  over  tmnniona  of  goat ;  S  pail 
sewed  on  each  side,  ^  inches  wide,  to  support  the  wheels. 

Cargo  cincha  for  ammunition  is  made  16  inches  longer  than  the  oihars  nMntlsai^ 
with  latigo  irons  and  straps,  hut  no  facings. 

Belly  cinchas  are  made  of  3  thicknesses  of  No.  1  cotton  dock,  7^  inohoa  wide,  wltti 
buckle,  5i  inches  wide,  with  brass  roller,  and  ohapes  sewed  on  eaob  end. 

Belly  cincha  for  gun  and  wheel  has  2  ohapes,  with  bnoUes  and  billet*  MwsiM 
each  chape  for  securing  the  wheels. 

A  semicircular  pad,  stufifed  with  tow,  3  inches  wide  and  3^  inehea  h]^  iriA 
burkleB  and  billets,  is  strapped  on  rear  of  gun  to  protect  it  ftomthe  wheela. 


DimensioM  of  leather  parts  of  Hotehki§9  mowUai»-fum  paek  eat^ 


Saddle: 

Skirts 

Under  covers 

Carriage  saddle : 

Harness  straps 

Pole  straps 

Puds : 

Facinj^  At>nt 

Facing^s,  rear 

FacinfES,  top 

Sockets 

Crupper: 

Side  pieces 

Side-piece  linings 

Dock 

Re-enforce 

i>iiddle  cinchn : 

Latigo  strap 

Chapes 

Cargo  omcha: 

lAtigo  straps 

Chapes    

Cargo  cincha  carriage,  facing 
Cargo  cincha  gnn: 

Pads 

Facings  and  chapes 

Belly  cincha,  ohapes 

liellvoincl.agnn: 

biUets 

Chapes 

Straps: 

Wheel 

Hnb,  billet 

Hnb,  bodv 


Ho.     Width. 


JlMh«f. 

1  2&75 

2  2S. 


2 

2  ■ 

2 
2 

2 ; 

4  . 
ti 

a 

1 

2 

1 
2 

2 
2 
1 

4 
1 

2 

4 
4 

1 
1 
1 


CS75 
I. 

8L 
4. 
S. 
5l6 

U.6 

12.6 

7.5 

X 

1.25 
10. 

1 
IC 

la 

9.25 
10. 
5.5 

1.5 
L5 

L 

L25 

1.25 


^^ 


Cvk 


17.95 
10.5 

42. 

41. 

41.  B 

4C 

8w7B 


ML  75 
U.5 

ML 
iL7ft 

ML 

Ul 

ma 
Hia 

5.5 

15. 


n. 

SL 


1 
4a 


«Li 

4a 
as 
as 


las 

ILI 

a 
a 
la 

la 
ms 
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IHmen9ioM  of  ducX;  parU  of  Hoiekki9s  iiMMJitaiii-j^im  pnok  out/it. 


Saddle  pudn 

Saddle  c  inch  a... 

Cartco  cinchaft : 

Carriiu^e 

Wheel. 

Ammimition 

Bellv  cincha 


So, 


2 
1 

1 
1 
1 
1 


Width. 


25. 
22. 

22. 
22. 
22. 
22.5 


Length. 


Cut. 


Ineke§. 
40. 
65. 

52. 
58. 

ee. 

20. 


Ffailahed. 


28. 
M. 

5L 
51. 
67. 
19. 


DRAUGHT  HABNB88  FOR  TWO  MULES. 


Bridle  (black  bridle  leather)  is  compoeed  of  1  headstall,  1  pair  of  reins,  1  bit. 

Headstall :  1  crown-piece,  split  7  inches  on  each  end,  formingoheek  and  throat-lash 
liillets ;  1  buckle  and  chape  in  center;  2  cheeks,  made  by  folding  and  sewing  each  strap 
together  9|  iuches,  each  containing  therein  2  bnokles,  5  loops,  and  1  winker  (winker, 
made  of  2  thicknesses  of  leather  and  sewed  together  aronnd  the  edges);  the  remainder 
of  the  strap  forms  a  billet  for  attaching  the  bit. 

One  winker-strap,  split  7  inches,  and  sewed  into  the  winker,  the  other  end  ont  to 
a  |-inch  billet,  for  bnckllng  to  the  orown-piece. 

One  brow-band,  the  endsdonbled  and  sewed  from  2  loops,  through  which  pass  cheek 
and  throat-lash  billets. 

One  throat-lash,  ends  doubled  and  sewed,  each  containing  1  buckle  and  loop. 

Two  reins,  sewed  together  at  one  end ;  the  othei  ends  have  buckles  and  billets 
sewed  on  for  attaching  to  bit. 

One  bit  (malleable  iron),  with  loose  rings  2f  inches  diameter,  and  jointed  mouth- 
piece. 

Breast- collar :  1  body,  1  neck-strap,  4  tugs. 

Body  of  single  leather,  with  under  edges  reduced  so  as  not  to  chafe  the  animal ;  1 
chape,  with  l^inoh  iron  ring  sewed  in  the  center;  1  lay,  with  2  tugs  sew^  on  each 
8ide,  the  tags  placed  17  and  24  inches  from  end  of  body ;  21i-inch  buckles  and  chapes, 
with  2  loops  sewed  on  body  far  enough  from  each  end  for  the  pit^ection  to  make 
a  safe. 

One  neck-strap,  split  15  inches  from  each  end,  making  f-inch  billets  for  buckling 
into  tugs  on  boay. 

Four  tu^s,  made  of  two  thicknesses  of  leather  and  sewed  together,  each  containing  2 
loops,  1  f -inch  buckle,  and  1  |-inch  ring. 

Back-strap,  sewed  on  center  of  neck-piece,  with  holes  punched  in  end,  to  buckle 
into  tug  on  breeching. 

Traces  of  single  leather,  with  iron  clips  riyeted  on  one  end  for  attaching  to  hooks  ou 
splinter-bar. 

Breeching :  1  body,  2  breechinff-straps,  4  tugs,  2  hip-straps,  1  back-strap  tug. 

One  body,  under  edges  reduced. 

Two  breeching  straps,  sewed  on  body  10  inches,  making  a  lay  for  tugs,  holes  punched 
in  ends  to  buckle  to  breast-collar. 

Four  tugs,  sewed  on  body  1  inch,  and  8  inches  from  each  end. 

Two  hip-straps,  split  16^  inches  from  end;  the  other  end  is  sewed  into  ring  of  back- 
strap  tug. 

One  back-strap  tug,  made  of  doubled  leather,  with  1  buckle,  1  lf>inoh  ring,  and  1 
loop,  and  sewed  on  safe. 

One  harness  sack,  made  of  No.  8  duck,  oonsisting  of  1  body  piece  46  inches  long 
and  34i  inches  wide,  and  2  end  pieces  each  17^  inches  long  and  14^  inches  wide.  These 
pieces,  when  sewed  together,  form  a  sack  33  inches  long  and  7  inches  deep,  with  4 
flaps,  for  covering  harness ;  2  leather  billets  are  sewed  on  top  flap  and  2  buckles  and 
chapes  on  the  body. 

Two  pole  straps,  made  of  single  leather,  with  buckles  sewed  on  end,  1  loop  top  and 
bottom  of  fold. 

One  brace,  made  of  heavy  harness  leather,  doubled  and  sewed  together  part  way, 
leaving  an  opening  large  enough  to  admit  neok-yoke ;  a  billet  is  placed  on  top  of 
brace,  and  both  are  secured  in  place  by  a  |-inch,  AC  8^  lomid-liead  screw,  Uned. 

One  trail-strap,  made  of  light  leather,  with  1  boeUe  and  loop,  and  U  strapped  on 
trail  aronnd  sponge  and  stan  clasp. 
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JJimetuions  of  leather  parU  tfharHeiief  Hoiekkina  mountain-guH  pnck  omijit. 


Nai  Width. 


Cnt. 


,  Inches.       Incht^. 

Bridh-:  , 

down    !  i:  1.375  'Sk 

Cheeks    2  0.73  27. 

Thn»at-la8h I.  0.625  21. 

\Vinker-8tr»p i  1  1.26  12. 

Brow-band 1'  0^75  21. 

Reins   '  2.  0.875  00. 

Kein  billets 2'  0.875  12. 

Winkerrt   2'  6.  4.0 

WiukiT  linings 2"  6.  4.5 

Breast  collar: 

Bwly 1-  1.873  00. 

(3hjipc9 2."  1.25  10. 

Lays 2;  1.  10. 

Tus:8 i'  0.76  1ol5 

Neckpiece 1'  1.5  38. 

Back-strap 1,  L  40l 

Trace« ■  2;  1.25  66l 

BreechiuK : 

Boilv li  1.025  3a5 

Sirups 2!  1.125  99. 

HiiiMtra]is 2  1.5  24 

Tn-M 4,  a76  la! 

Buck-Strap  tog ■ 

StraitA :  I 

Trail ..  1'  1.125  1«. 

Pole ;  2  i  1.25  31. 

Brace,  yoke  ;  1  3.76  12..'» 

Brace.  bUlet    |  l|  0.025  9.5 


3 

r. 

1: 
n 
u 

11 
4 
1 

A 
« 

\* 
4 

10 

ft 


II 
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Materials  required  for  20  sets  of  packing  outfit  for  Hotokkiss  mountain-gun  and  aiii«iviiiH«i 

800  lbs.  hurnebs  leather. 
400  64.  ft.  collar  leather,  8i  to  9  oz.  per  sq.  ft. 
150  »q.  ft.  collar  leather,  7  to  8  oz.  per  sq.  it. 
14  sides  bridle  leather,  9  to  10  oz.  per  sq.  ft. 
4  sides  rawhide. 
40  lbs.  scrap  leather. 

175  yds.  cotton  dock,  25  inches  wide.  No.  1,  unbleached. 
34  yds.  cotton  duck,  36  inches  wide.  No.  6,  unbleached. 
40  lbs.  nianila  rope.  |  inch  diameter. 
20  lbs.  shoe  thn^ad,  H.  B.,  No.  10. 

1  lb.  linen  thread,  W.  B.,  No.  25,  spooU. 
160  balls  black  wax. 

tiO  iron  barrel  roller  buckles,  H  inch,  japanned. 
80  iron  barrel  roller  buckles,  1^  inch,  japanned. 
20  iron  barrel  roller  buckles,  1-^  inch,  ja])anned. 
60  iron  barrel  roller  buckles,  1  inch,  japanned. 
40  iron  barrel  roller  buckles,  |  inch,  japanned. 
40  iron  barrel  r<illor  buckler,  f  inch,  japanned. 
20  iron  barrel  i-uller  buckles,  f  inch,  japanned. 
40  iron  sensible  harness  buckles,  1  inch,  japanned. 
dO  iron  sensible  harness  buckles,  I  inch,  japanned. 
4riO  iron  sensible  harness  buckles,  |  inch,  ja])anned. 
160  iron  sensible  harness  buckles,  l  inch,  japanned. 
60  iron  sensible  trace  buckles,  1^  inch,  japunned. 
40  jointed  bits,  loose-ring. 
H)  iron  rings,  1^  inch,  japanned. 
320  iron  rings,  }  inch,  japanned, 
f  pound  brass  rivets,  i  inch.  No.  10  belt. 
1  pound  brass  rivets,  ^  inch.  No.  10  belt. 
1  pound  brass  rivets,  |  inch.  No.  10  belt. 
1  pound  bras!»  burs.  No.  10. 
360  iron  screws,  1  inch.  No.  12. 
1040  iron  screws,  1^  inch.  No.  12. 
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CO  iron  screws,  J  iucb,  No.  b;  round-head,  blued. 
720  brasH  screws,  I  inch.  No.  6. 

60  pairs  saddle-bars,  wood. 
120  cross  pieces  for  pads,  wood. 

20  l)lock8  for  elevating-screw,  wood. 

60  pairs  iron  yokes  for  saddle,  Japanned. 

*20  sets  irons  for  carrying  carriage,  japanned. 

20  sets  irons  for  carrying  gun,  japanned- 

20  sets  steel  springs  for  carrying  ammanition. 

60  steel  springs,  lU^  inches  by  1  inch  by  \  inch. 

60  steel  springs,  13^  inches  by  f  inch  by  i  inch. 
1280  iron  rivets,  'Z^  inches  long,  ^  inch  thick,  flat  heads. 
120  buckles  for  7f-inch  cincha,  iapanned. 

120  iroii  frames  for  10-inch  cinohai  2-inoh  latino  strap,  Japanned. 
120  irou  frames  for  10-inoh  oinoha,  l^inoh  latigo  strap,  japanned* 

80  iron  clips  for  traces. 

20  iron  bnrs. 

60  ammunition  boxes. 


Appendix  B. 

Directions  for  packing  Hotohkisa  mountaiU'aun  outfit  and  ammunition  on  ihepaek^ni- 
maU*  Baddies. — Fold  saddle  blanket  in  four  fold  ana  place  it  on  animal.  Place  saddle 
on  blanket  and  cinch  tightly  with  saddle-oincha. 

Gun  and  wheel 8  on  first  animal. — Place  gon  in  its  bearings,  breech  in  front,  sight 
down ;  put  cargo-cincha  over  gun,  trunnions  passing  throngh  slots,  edge  of  oincha 
nearest  to  the  slots  in  front;  cinch  to  belly-oinoha.    Put  gnn-pads  on  breech  of  gun. 

Fasten  wheels  together  with  wheel-strap,  dish  of  wheels  inside.  Place  wheels 
astride  of  gun,  hubs  between  wheel-pads  on  oargo-cincba,  lower  them  to  proper  po- 
sition and  suspend  them  with  the  hub-strap,  which  passes  around  hubs  and  over  top 
of  gun. 

(On  most  animals  the  best  position  for  wheels  is  to  have  the  distance  from  bottom 
of  hub  to  bottom  of  hub,  measured  over  top  of  saddle,  36  inches.) 

Buckle  around  rim  of  wheel  on  each  side  the  two  wheel-straps  which  are  attached  to 
belly-chincha  chape,  two  spokes  apart  on  each  side.  Tighten  these  straps  till  wheels 
are  in  best  position,  and  bear  tirmly  on  the  cargo-cincha  wheel-pads  ana  on  the  gun- 
pad.  The  wheel -pack  is  then  secure  and  can  be  easily  adjusted  from  time  to  time  to 
aid  the  animal  on  the  march.  If  further  security  is  required  lash  the  wheels  with 
the  lashing-rope;  fasten  one  end  of  rope  to  one  hub,  pass  it  around  wheels,  under  cor- 
ners of  saddle-pads  and  over  and  under  animal  and  draw  tight. 

Gun-carriage,  dratight  harnesSy  pole,  splinter-hary  pole-yokey  and  gunner'a  pouch  on 
second  animal. — Place  harness  (in  its  sack)  on  left  side,  and  pole-yoke  under  flap  of 
harness-sack  and  secure  them  in  position  with  the  two  straps  attached  to  saddle. 

Place  pole  (butt  end  in  front)  and  splinter-baron  right  side,  and  secure  them  in  po- 
sition with  the  two  stra]>s  which  are  attached  to  the  saddle,  passing  the  straps  twice 
around  the  ]>oIe  and  bar.  The  front  strap  passes  once  in  front  and  once  in  rear  of  the 
pintle-pin. 

Place  (-iirria(>:t'  in  position  on  top  of  saddle,  bottom  down,  trail  to  the  rear,  so  that 
special  shapes  of  saddle  arch-irons  will  engage  in  carriage;  the  front  arch-iron  enters 
the  slot  just  in  rear  of  carriage  axle.  Pass  cargo-cincha  over  .carriage,  the  wooden 
bh^ck  down,  and  in  between  side  flanges  of  trail,  elevating-screw  passing  throngh 
hole  in  eiucha  and  wooden  block.  Cinch  securely,  fasten  gunners'  pouch  strap  around 
gun  carriagje  cheek,  and  this  pack  is  completed. 

(Note. — The  harness,  pole,  yoke,  and  splinter-bar  are  not  necessary  to  this  pack,  and 
the  carriage  packs  equally  well  without  them.  If  on  the  saddle,  they  are  to  be  left 
on  it  in  coming  into  action ;  that  is,  the  carriage  can  be  unpacked  and  repacked  with- 
out disturbing  them.) 

When  necessary  one  anununition-box  can  be  packed  (with  a  lashing-rope)  on  each 
sid^  of  this  saddle  after  the  carriage  is  on  and  before  the  cargo-cincha  is  put  on.) 

Ammunition,  in  six  ammunition-hoxeSf  72  rounds,  on  third  animal, — Set  on  the  boxes, 
notches  down,  the  juns  on  the  saddle  entering  the  notches.  Put  on  the  two  top  boxes 
first,  then  pass  the  cargo-cincha  over  them,  and  then  add  the  other  boxes  from  top  to 
bottom  on  each  side,  cinch  securely  with  the  cargo-cincha,  and  the  pack  is  completed. 

(Note. — Six  cartridges  and  10  primers  arc  packed  in  each  end  of  each  box.  Remove 
the  two  screws  at  end  of  the  box,  and  the  box  end  can  be  taken  out.  Screw-driver  is 
packed  in  gunner's  pouch.) 
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BEPOBT  OF  PRINCIPAL  OPERATIONS  AT  CHEYENNE  ORDNAyCE  DEPOT 
DURING  THE  FISCAL  YEAR  ENDED  JUNE  30.  1886. 

By  Lieut.  O.  B.  Mitcham,,  Ordnance  Department. 

Cheyenne  Ordnance  Depot,  Wyoming, 
Office  Chief  Ordnance  Officer, 
Department  of  the  Platte, 

Av^iust  18, 1886. 

Sir  :  I  have  the  honor  to  make  the  followiug:  report  of  the  opera- 
tions of  this  depot  daring  the  last  fiscal  year.  The  work  done  here  con- 
sists of  the  receiving  and  issuing  of  ordnance  and  ordnance  stores,  of 
the  rebrowning  and  repair  of  Springfield  rifles  and  carbines  tnmed  in 
by  troops  serving  in  the  department,  and  of  the  cleaning  and  repair  of 
side  lines,  canteens,  &c.  The  average  number  of  enlisted  men  of  the 
Ordnance  Department  on  duty  here  during  the  year  has  been  six, 
though  seven  is  the  authorized  strength;  the  average  number  of  men 
detailed  upon  extra  duty  at  the  depot  has  been  eight,  and  the  amount 
disbursed  for  their  extra-duty  pay  was  $1,180.45;  in  addition  there  haa 
been  expended  at  posts  in  the  department  during  the  year  for  such  pay 
the  sum  of  $11.90.  During  the  year  the  receipts  and  issues  have  bees 
as  follows : 


Beceipta.    Isaoea.   '. 

1 

Third  qaarter  of  1885 

Fourth  auartcr  of  1885 

88        1        146 

48        ,        111 

106               196 

60               101 

First  Quarter  of  1886 

Second  quarter  of  1886 

247               M7 

The  work  done  (repairs,  &c.)  has  been  as  follows: 

REPAIRED  AND  REBROWNED. 

4b4  Springfield  riflpK,  model  of  1873. 

t*8  Sprinjjfield  carbineH,  model  of  1873.  ^ 

2  Springfield  sliot-j^nns. 

H73  bayonets. 

CLEANED  AND  REPAIRED. 

193  side  lines. 

.4  saddle-bags,  O.  M.  No.  18. 

6  hunting-knives. 

t>  hnn ting-knife  scabbards. 
•200  bayonet  scabbards. 

7  Colts  revolvers. 
1  stitching-horse. 

97*)  canteens  re-covered  and  adapted  to  the  leather  strap. 

FABRICATED. 

€  fc'tirrups  with  hoods  and  guidon  sockets. 

REPAIRED  AND  PAIMTKD. 

1  spring  wagon. 
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OVERHAULED  AND  CLEANED. 

2  Gatling  gnns,  caliber  45  (short  barrel). 
2  Gatline  ennsy  caliber  45  (long  barrel). 
41  Schoneld,  Smith  &,  Wesson  revolvers. 
23  carbine  slings. 
25  thongs  and  brnshwipers. 

MANUFACTURED. 

6  arm- chests. 

30  temporary  frames  for  Laidley  targets. 

During  the  month  of  December,  1885,  little  or  no  work  beyond  the 
ordinary  issues  and  receipts  was  done,  the  entire  force  being  engaged 
in  cleaning  and  rearranging  the  storehouses  and  shops  on  account  of 
repairs  being  made  to  the  buildings  by  the  Quartermaster  Department. 

All  stores  furnished  by  the  Department  have  been  very  satisfactory. 
It  is  thought  that  the  new  model  hooded  stirrups,  carbine  boots  and 
straps,  and  saber  straps,  recently  issued,  will  fully  meet  the  require- 
ments of  the  service. 

The  front  and  rear  sights  of  the  rifle  model  of  1884  have  failed  to 
give  satisfaction.  The  front  sight  is  too  high  and  too  thin,  being  liable 
,to  injury  in  service  when  used  without  the  cover,  and  it  is  not  snfBl- 
ciently  outlined  in  aiming  to  be  readily  seen  in  all  conditions  of  the  at- 
mosphere. With  regard  to  the  rear  sight,  the  leaf-slide  binding  screw 
fails  to  hold  the  leaf  slide,  and  the  shock  of  the  discharge  causes  the 
slide  to  slip  or  jump,  almost  invariably  up,  requiring  constant  attention 
on  the  part  of  the  firer,  and  being  the  cause  of  much  inaccuracy  at  tar- 
get practice  and  in  rapid  firing.  The  front  base  screw  (rear  sight- 
screw  iront)  fails  to  bold  the  movable  or  windage  base,  ana  the  latter 
soon  works  loose;  this  defect  is  in  part  remedied  either  by  filing  off 
the  ba«e  of  the  screw,  thus  shortening  it,  or  by  inserting  a  small  copper 
washer  under  the  head  of  the  screw  to  give  a  yielding  bearing  surface. 
It  is  believed  that  a  Y-shaped  notch  would  be  much  more  satisfactory 
on  the  buck-horn  open  sight  than  the  present  semicircular  notch.  The 
aperture  or  peep-sights  on  the  leaf-slide  are  entirely  too  large,  and  are, 
in  fact,  no  peep-sight  at  all;  almost  invariably  company  commanders 
have  them  closed  with  wooden  pins  to  avoid  possible  sources  of  error  in 
aiming. 

The  sight,  as  a  whole,  in  its  present  design  is  structurally  weak  and 
unsuited  for  a  service  sight. 

Reports  have  also  been  received  at  this  office  that  with  some  of  the 
rod-bayonet  rifles,  model  of  1884,  the  attachments  fail  to  hold  the  bayo- 
net in  position,  allowing  it  to  jump  out  an  inch  or  two  at  each  discharge 
of  the  rifle. 

I  have  before  recommended  the  issue  of  brass  shells  for  reloading 
rifle  and  carbine  ammunition,  and  would  respectfully  renew  the  recom- 
mendation. The  attention  of  the  Chief  of  Ordnance  is  invited  to  the 
many  advantages  of  a  self-registering  target.  If  a  suitable  one,  as  re- 
gards simplicity  and  economy,  could  be  devised  and  issued  by  the  Ord- 
nance Department,  such  a  target  would  materially  lighten  the  work  of 
all  concerned  on  the  target  range,  and  would  set  at  rest  any  doubts  re- 
garding the  scores  or  standing  of  companies  antl  troops  in  target  prac- 
tice. 

Very  respectfully,  your  obedient  servant, 

O.  B.  MITCHAM, 
Lieut,  of  Ordnance,  Chief  Ordnance  Officer, 

Department  Platte^  Commanding^ 

The  Chief  of  Ordnance, 

lVff8hin(jto7i,  D.  C. 
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CAPTAIN  A.  H.  RU8SELV8  HYDRAULIC  BUFFER. 

(2  plates.) 

Vancouver  Babbagks  Obdnance  Depot, 

Vancouver^  W.  T.,  July  21, 1886. 

Sib  :  In  view  of  the  claims  made  by  J.  Yavasseur  to  the  inventioD  of 
the  valved  piston-head  for  hydraulic  buffers  used  to  check  the  recoil  of 
heavy  guns,  I  have  the  honor  to  submit  my  own  claims  to  this  inven- 
tion, with  request  for  the  publication  of  this  letter,  with  its  accompanying 
drawing,  and  of  my  letter  to  the  Chief  of  Ordnance,  December  16, 1876 
(including  indorsements),  with  its  inclosed  description  and  drawing  of 
such  device,  dated  November  26, 1875. 

This  official  publication  is  now  desired  because  the  report  of  the  Board 
on  Fortifications  and  other  Defenses,  1885  (Appendix  4,  report  of  sixth 
committee),  commending  this  device,  attributes  it  to  Yavasseur,  the 
unpublished  record  in  the  Ordnance  Office  having  apparently  escaped 
attention. 

Description  was  sent  to  the  Ordnance  Office  in  January,  1876,  with 
the  letter  of  December  16,  1875,  signed  by  me  as  Second  Lieutenant, 
Third  Cavalry,  but  as  I  was  then  notified  that  the  device  would  not  be 
tested,  I  omitted  to  pay  the  final  fee  which  was  alone  needed  to  com- 
plete the  patent,  my  claims  to  priority  of  invention  being,  however,  fully 
recognizetl  by  the  Patent  Office. 

I  have  no  money  interest  in  the  question,  as  my  claim  to  patent  is 
outlawed.    I  desire  onl^-  professional  recognition. 

I  claim  that  the  use  of  the  valved  piston-head  is  free  to  the  United 
States  Government  without  reference  to  Vavasseur's  patent.  His  Eng- 
lish patent  was  taken  out  August  27, 1877,  nearly  two  years  after  my 
device  was  well  known  to  professional  men  in  this  country,  and  a  year 
and  a  half  after  my  own  claims  had  been  allowed  by  the  United  States 
Patent  Office,  and  full  description  had  been  sent  to  the  Ordnance  De- 
partment. His  United  States  patent  was  issued  August  28, 1883.  six 
years  after  his  English  patent,  though  the  record  of  my  previous  claim 
had  been  for  eight  years  on  file  in  the  Patent  Office,  where  it  still  re- 
mains unquestioned. 

The  following  <?re  the  claims  allowed  me  by  the  Patent  Office,  and  the 
inclosed  plate  shciws  drawings  submitted  with  the  application. 

I  claim  as  of  mj^  own  inventioD — 

(1)  As  an  improvement  in  hydranlic  buffers,  the  oombinatioD,  snbstantlaUy  as  here- 
inbefore set  forth,  of  a  cylinder,  a  piston-rod  reciprocating  therein,  and  a  snpple- 
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mental^  perforated  piston-head  turning  relatively  thereto,  to  vary  the  area  of  the 
water-way  through  the  piston- head. 

(2)  The  combinatioD,  substantially  as  hereinbefore  set  forth,  of  the  cylinder,  Ihe 
taming  sectional  piston-head,  and  its  guides. 

Very  respectfnllj,  your  obedient  servant, 

A.  H.  BUSSELL, 
Captain  of  Ordnan^. 
The  Ohibf  of  Ordnanoe^  XJ.  S.  A., 

Washington^  D.  C. 


West  Point,  N.  Y.,  December  16, 1876. 

Sir  :  I  inclose  herewith  the  description  of  a  modification  in  hydraulic 
buffers  for  use  with  heavy  guns.  By  this  device  the  size  of  apertures 
in  the  piston-head  can  be  adjusted  from  without  by  a  rotation  of  the 
cylinder  or  of  the  piston-rod ;  or  they  can  be  made  to  vary  during  the' 
recoil  and  thereby  produce  a  constantly  increasing  resistance  as  in  the 
pneumatic  buffer. 

I  would  respectfully  solicit  for  this  modificAtion  careful  examination 
with  a  view  to  its  reference  to  the  Board  of  Experiment  on  heavy  guns 
for  trial  and  report. 

Very  respectfully,  your  obedient  servant, 

A.  H.  RUSSELL, 
Second  IdeutenoMtj  Third  United  States  Cavalry, 

The  Ohibf  of  Ordnance,  U.  S.  A., 

WashingtoUy  D.  C. 

[First  indorsement.] 

Ordnance  Office,  Jantuiry  12,  1876. 

Bespectfully  referred  to  the  Board  on  Experimental  Ouns,  &c.,  New 
York  City,  for  examination  and  report. 

S.  V.  BENfiT, 
Brigadier- General  J  Chief  of  Ordnanee. 

[Second  indorsement.] 

Board  on  Experimental  Guns,  Etc., 

United  States  Ordnance  Agency, 

New  York,  March  29,  1876. 

Respectfully  returned  to  the  Chief  of  Ordnance,  U.  S.  A.,  with  the 
following  extract  from  the  proceedings  of  the  Board  of  the  27th  instant : 

#  #  #  #  #  #  # 

In  view  of  the  present  satisfactory  working  of  the  hydraulic  buffer,  it  is  uot  deemed 
important  at  this  juncture  to  test  any  devices  looking  to  its  improvement. 

S.  CRISPIN, 
Brevet  Colonel,  United  States  Army, 

Lieutenant' Colon  el  of  Ordnance. 
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Modification  of  piston-head  in  the  hydraulic  buffer  for   the  service   of 
"'  heavy  guns. 

In  coiiiiectiou   with  the  ordinary  piston-head  of  the  hydraulic  buflfer, 

which  is  a  solid  disk  perforated  with  holes  for  the  passage  of  the  liquid 

J  in  the  cylinder  (see  figures  1  and  2),^  second  disk  is  employed,  pertbr- 

.  ated  in  like  manner  and  free  to  revolve  around  the  piston-rod.     (See  r* 

in  figures.) 

The  apertures  can  be  made  to  open  or  close  to  any  desired  degree  by 
turning  eitiier  disk,  or  both,  and  thus  the  resistance  of  the  liquid  tothe 
motion  of  the  piston  can  be  varied  as  circumstances  may  require. 

Upon  the  circumference  of  the  additional  disk  one  or  more  projections 
(c)  or  slots  {&)  are  made,  fitting  to  grooves  or  ribs  (d,  figure  2)  upon  the 
interior  surface  of  the  cylinder, 
i  These  grooves  or  ribs  are  straight  or  spiral ;  and  in  either  case  the 
,  relative  positions  of  the  disks  can  be  changed  and  the  size  of  aperture 
varied,  whether  the  piston  is  at  rest  or  in  motion,  by  turning  eithi^r  the 
rod  or  cylinder,  or  both. 

At  W  the  piston  rod  is  shaped  to  receive  a  wrench  or  perforated  tore- 
'  ceive  a  bar,  by  which  the  rod  and  its  disk  can  be  turned  from  the  outside. 
Marks  m,  w',  in'^  on  the  piston-rod,  and  cylinder  or  framework  (figure  2) 
indicate  the  relative  positions  of  the  disks  and  the  width  of  aperture  in 
;  the  piston.     The  piston-rod  is  clamped  to  the  frame- work  H^  or  to  a  bush- 
ing made  to  slide  in  a  slot  cut  vertically  in  the  frame. 

When  the  grooves  or  ribs  are  spiral  the  second  disk  can  be  made  to 
turn  by  simply  moving  the  piston  through  the  cylinder  without  turning 
the  piston-rod  or  the  cylinder.  ' 

By  these  modifications  the  apertures  in  the  piston  can  be  adjusted 
from  outside  the  cylinder  to  correspond  to  any  charge  of  powder  or  to 
any  <run  ;  or  an  increasing  resistance  to  recoil  can  be  produced  by  vary- 
ing the  apertures  during  the  recoil,  thus  avoiding  violent  shock  to  the 
parts  of  the  carriage. 

ANDREW  H.  BUSSELL, 
Second  Lieutenant^  Third  United  States  Cavalry. 

November  26,  1876. 


I 


•II  \[ 


II 


II 


II 


•  ! 
T 

•  I 

I" 


*i 


> 


HYDRAULIC      BUFFER 


Appendii  38— ISSO 


' 


P/STON  BUFFER  FOK  OSDNANCE 
COPY  af  DRAWWC  IM  AFPLICATIOM  /VK  fiATBMT  ALLOWE o"  J/i>t  I?  I$7$ 


t 


Apiiendii  33— 1*«. 


Appendix    34 


REPORT  OF  TRIALS  OF  CARBINE  CARTRIDGES. 
By  Capt.  Frank  Baker,  Ordnance  Department. 

Frankfobd  Absenal,  May  24,  1886. 

SiB:  In  compliance  with  tbe  instractions  in  your  indorsement  on  my 
report  of  April  16,  relative  to  failures  to  hit  SOO-yard  target  when  firing 
for  accuracy  with  carbine  ammunition,  I  have  the  honor  to  submit  the 
following  report : 

As  the  carbine  (when  the  failures  to  hit  occurred)  was  examined  by 
Mr.  Carr,  in  one  case  immediately  after  the  shot  and  in  the  other  at  the 
close  of  the  series,  and  found  unchanged,  it  seemed  conclusive  that  the 
trouble  must  be  in  the  ammunition.  In  confirmation  of  this  the  veloci- 
ties had  not  been  as  uniform  as  usual,  while,  on  April  17,  in  firing  for 
accuracy  myself,  one  shot  failed  to  reach  the  target  in  the  morning,  and 
one  in  the  afternoon.  The  carbine  was  examined  immediately  after  one 
miss  and  after  the  shot  following  the  other,  and  found  unchanged. 

The  cause  was,  therefore,  sought  at  the  loading-room. 

It  was  noticed  that,  at  tbe  loading-machine,  when  the  perforated  plate 
filled  with  wads  brings  a  charge  of  the  latter  over  the  cartridge  case, 
the  wads,  made  slightly  smaller  in  diameter  than  the  plate  receptacle 
and  cartridge  case  to  facilitate  the  operation,  generally  drop  to  one  side 
before  being  forced  down.  This  indicated  the  possibility  that  one  or 
more  wads  might  go  down  edgewise,  and,  being  pushed  into  the  pow- 
der, seriously  affect  the  uniformity  of  the  ammunition. 

An  examination  of  100  cartridges  rejected  for  defective  material  and 
workmansbij)  (not  for  loading)  discovered  five  (6)  in  which  wads  were 
forced  down  edgewise,  and  one  (1)  in  which  the  whole  charge  of  wads 
was  upset. 

One  hundred  (100)  cartridges  from  loading-room  wereexamined.  None 
imperfect.  Cartridges  remaining  after  taking  velocities  (with  ununiform 
results)  showed  none  imperfect. 

One  hundred  (100)  made  April  17  (date  when  target  was  missed  twice) 
discovered  two  (2)  with  wads  edgewise  and  two  (2)  with  wads  so  tilted 
as  to  displace  a  portion  of  the  charge  of  powder. 

These  investigations  show  the  occurrence  of  defective  loading,  which 
cannot  be  detected  except  by  dismantling  the  cartridge. 

Tbe  next  step,  therefore,  was  to  ascertain  if  any  difference  existed  in 
the  performance  of  cartridges  with  and  without  wads. 

Samples  of  tbe  latter  were  loaded  twice  daily  for  comparison  with  the 
regular  product,  for  velocity  and  accuracy.  On  account  of  the  neces- 
sary shortening  of  tbe  cartridge  (with  charge  of  61  grains  dried  powder) 
only  the  powder-charging  could  be  done  in  the  loading-machine,  the 
bullets  being  set  down  and  the  case  crimped  by  a  foot-press. 
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This  was  all  done  by  the  foreman  of  the  loading-room,  and  the  cir- 
eamstances  were  as  nearly  identical  with  those  under  which  machine 
•artridges  were  loaded  as  possible. 

The  first  were  loaded  with  .2  of  an  inch  compression — about  the  same 
as  in  the  regular  cartridge — ^but  gave  a  velocity  of  1,161  feet  and  to  ap- 
proximate more  closely  to  the  daily  work,  a  compression  of  0.15  of  an  inch 
was  tried,  with  satisfactory  result.  The  comparison  was  continued  until 
the  cessation  of  manufacture  of  carbine  ammunition,  when  400  of  each 
were  set  aside  for  further  trial.  The  results  are  appended  in  detail^ 
Tables  I  to  X,  inclusive. 

Two  series  were  fired  for  velocity,  in  one  of  which  a  wad  was  forced 
edgewise  into  the  powder,  the  others  being  then  pressed  down,  while 
the  other  series  was  carefully  loaded  with  all  the  wads  straight.  The 
results  are  in  Table  XIIl.  They  show  great  irregularity  in  velocity  as 
result  of  defective  placing  of  a  wad.  Furthermore,  the  wads  some- 
times stick  to  the  bullet  and  accompany  it  to  the  500  yards'  target^ 
which  must  be  to  the  detriment  of  accuracy. 

This  fact  was  reported  by  me  to  the  late  Oolonel  Lyford  during  liis 
command,  and  by  his  verbal  authority  attempts  were  made  to  improve 
the  accuracy  by  various  means,  all  looking  to  discarding  all  or  most  of 
the  wads,  while  retaining  the  same  cartridge  length,  but  none  gave 
much  promise  of  success  except  the  use  of  500  grains  bullet.  The  re- 
coil, however,  was  increased  to  about  the  same  as  with  the  70-405  car- 
tridge, which  had  been  objected  to  in  service. 

The  desirability  of  dispensing  with  the  wads  has  been  recognized  by 
all,  and  various  devices  have  been  tried,  but  mostly  with  view  to  reten- 
tion of  the  regular  length. 

Lining  the  case  with  a  paper  cylinder  and  the  use  of  a  paper  cap  over 
the  powder  were  suggested  by  Colonel  Benton. 

Cartridges  without  wads,  the  bullet  being  set  down  on  55  grains  charge 
without  compression  (shortening  the  length  0.085  of  an  inch),  were  re- 
ported upon  by  Colonel  Whittemore's  order  in  June,  1877.  The  report 
by  Captain  Wright  states  as  results  "  fair  velocities,  good  practice, 
diminished  pressures,  and  medium  recoil.''  Some  trouble  was  developed 
by  the  jamming  of  the  breech-block,  which  was  attributed  either  "  to 
bad  loading  or  high  pressure  developed  by  increased  sluggage.'' 

In  October,  1884,  Lieutenant  MacNutt  reported  results  of  firing  car- 
tridges with  and  without  wads  for  comparison,  as  follows: 


VELOCITY. 


Regular  cartridges  (45  shots),  1,139\ 
Withoat  wads  (45  shots),  1,125'. 

ACCURACY. 

Regular  cartridges:  Radius  of  circle  of  shots,  0.90',  0.87',  0.85'.    Mean.  0.87'. 
Without  wads :  Radius  of  circle  of  shots,  0.67',  0.82',  0.88'.    Mean,  0.79^ 

The  objection  to  simply  doing  away  with  the  wads  has  been  the  desir- 
ability of  having  the  cartridge  fit  the  chamber  as  nearly  as  possible, 
and  the  injurious  effects  on  accuracy  likely  to  be  caused  by  sensibly 
increasing  the  distance  which  the  bullet  must  travel  before  engaging 
the  cannelures  in  the  rifling.  All  the  records  here,  however,  fail  to 
substantiate  the  objection  on  score  of  accuracy,  while  reference  to  Re- 
port of  Chief  of  Ordnance,  1873,  p.  389,  discovers  a  similar  record. 

In  any  event  the  loss  in  accuracy  due  to  shortening  the  carbine  car- 
tndge  tit^ems  more  than  made  up  by  the  gain  due  to  absence  of  wads. 
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To  recapitulate:  The  following  with  51  grains  of  powder,  dried,  0.16 
of  an  inch  compression,  have  b^n  fired  in  comparison  with  the  serviee 
ammunition  for  carbine,  with  results  as  given: 


Targets  of  tea 
shots  each. 

Kind. 

Badios  of  cir- 
cle of  shots. 

doTlation. 

34                  No  wads. 
40                   Regolar. 

1 

(K.88 
IMO 

0^.(128 
0'.784 

• 

The  following  were  fired,  cleaning  carbine  after  each  second  target: 


8 

8 

No  wads. 
Regular. 

I'.Ol 
1'.05 

0'.722 
0'.778 

Six  targets  were  fired  without  cleaning  carbine,  with  following  re- 
sults. 


8 


No  wads. 
Regular. 


0^.84 
I'.Ol 


o'.seo 

0^.883 


These  results  are  conclusive,  that  the  effect  of  the  wads  is  to  impair 
the  accuracy  in  a  marked  degree,  and,  1  think,  demonstrate  the  practi- 
cability of  dispensing  with  them. 

Before  concluding  the  experiments,  it  was  determined  to  try  cartridges 
loaded  without  wads,  with  53  grains  dried  powder  and  0.15  of  an  inch 
compression,  as  such  are  the  shortest  that  can  be  machine-loaded  and 
give  a  good  crimp,  without  radical  change  in  the  method  of  inserting 
bullet.  This  length,  2.43  inches,  allows  0.15  of  an  inch  compression  with 
55  grains  undri^  powder.  The  results  were  as  follows:  (See  Table 
XI.) 


Velocity,  mean  of  2  series,  16  shots 1, 150 

Radius  of  circle  of  shots,  mean  of  5  targets 93 

Mean  vertical  deviation 703 

Au  examination  of  any  of  the  modified  cartridges  shows  more  com- 
pression on  the  exterior  of  the  cylinder  of  the  charge  than  on  the  in- 
terior, owing  to  the  cup-shaped  cavity  in  the  base  of  the  bullet  (it  will 
hold  a  grain  of  loose  powder).  I  thought  it  possible  that  a  bullet  with 
a  base  like  the  500  grains,  giving  a  better  seat  and  more  uniform  com- 
pression to  the  charge,  might  give  better  results.  A  tri^  however, 
showed  but  little  difference,  and  that  in  favor  of  the  service  (Table  XII). 

In  view  of  these  results,  I  would  recommend  that  the  wads  be  dis- 
pensed with  in  carbine  cartridges. 

I  think  2.45  inches  may  be  safely  adopted  as  a  maximum  length  for 
the  cartridge,  the  powder  charge  to  remain  as  at  present  (55  grains). 

The  changes  necessitated  would  be  comparatively  slight. 

With  the  hand-reloading  tools  a  new  loading-punch  would  be  required 
to  accommodate  the  diminished  length  of  cartridge. 

The  bench-tools,  as  now  made,  will  require  0.12  of  an  inch  taken  off  the 
top  surface  of  the  lug-guide  for  loading-spindle,  or  a  countersink  to 
permit  setting  the  spindle  down  to  the  required  place.  In  those  now  in 
hands  of  troops  the  former  change  could  probably  be  made  with  a  file 
at  the  posts. 
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Some  change  would  be  required  in  the  pasteboard  box,  bat  it  wmii 
be  slight. 

Per  contra,  we  will  have  a  simpler  and  more  accurate  cartridgei  wUb 
the  cost  of  the  wads  will  be  saved  and  the  services  of  two  hands  at  tkt 
loading-machine  ditupensed  with. 

Daring  the  present  fiscal  year  14,071,850  wads  have  been  made,  ati 
cost  of  $703.  One  million  nine  hundred  and  fourteen  thonsand  dm 
hundred  and  seventy  carbine  cartridges  have  been  made  daring  tie 
same  time,  in  which  the  cost  of  using  wads  was  about  $239. 

Samples  of  the  proposed  cartridge  loaded  on  machine,  with  bench  ari 
hand  tools,  are  herewith. 

EespectfuUy  submitted. 

FRANK  BAKER, 
First  Lieutenant  of  fhrdnawcc 

. 

N.  B. — I.  In  connection  with  proposed  devices  for  dispensing  witktk 
wads,  reference  should  have  been  made  to  the  trial  of  powder  with  mt 
flciently  low  gravemetric  density  to  occupy  the  required  volame  intk 
case,  reports  upon  which  were  made  bv  Capt.  Frank  Heath  and  Mr.J. 
J.  O'Reilly. 

II.  Several  hundred  of  the  proposed  shortened  cartridges  have  bM 
fired  in  the  Catling  gun  without  trouble.  This  is,  however,  aboat  u 
short  a  cartridge  as  could  be  tired  without  difficulty. 


Table  I. — Compariwn  of  regular  carbine  cartridffCB 

er  < 

m.] 


[Powder  oompreesion  0".2  aod  carbine  cartridcew  without  iradB;  powder 

powder;  405  fmins  Dullet;  April  24,  1888, 


eoaprMoloB  ifJlS^  a 


Telooitiea. 

AceiuBcj. 

S«gnlar  Le  BoulenR^.    1  ^^P^'^f  "J^J  ^*  ^°- 

_  lUdlnsof  eiroleaf  abota. 

No.  1.        .      No.  2.            No.  1.            No.  2.      , 

1   BegnUr. 

teL 

• 

B 

1132                 1144 
1138                1144 

1138                1143 
1134      ,          1133 

1130  !          1147 
1138                1142 

1131  1132 
1134                1133 

1 
1 

1142      • 
1150 

1148 
1148 
1188 
1140      1 
1146 
1162      ! 

1153 
1158 

1148 
1149 
1142 
1144 
1148 
1158 

,         LIT 
>         LOS 

■ 

IXeuTertii 

.990 
■         .805 

£xporiiiMi 
madebei 

o'.es 
.fioa 

AT'ge,1135.6  '          1138.3  i          1145      i 

1147 

I 
] 

1136. 9                                  114a  1 

Extreme  TariAtton. 

IV 

If 
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Table  II. 


[April  26, 1886,  a.  m.] 


Yelocitiee. 

Aocnnusy. 

Segnlar  Le  Bonleng6. 

Bzperimental  Le  Boa- 
leng6. 

Badins  of  circle  of  sbotti 

No.  1. 

t 

No.  2.      j      No.  1.           No.  2. 

1 

Begnlar.  ,  Experimen. 

1166 

1156 

1140 

1130 

1. 08                 L 10 
L40 

Mean  yertical  deviatioB. 
.665               .910 
.940 

1140 
1139 
1136 
1134 
1117 
1150 

1134      1          1137 
1138      '          11.17 
1132                1144 
1130                1120 
1102                1143 
1148                11.10 

1126 
1129 
1134 
1122 
1136 
1121 

1136      1          1130.6            1135 

1124.6 

113 

3.3 

Extreme 
6' 

1129.8 

variation. 

4 

24' 

[April  26,  1886,  p.  m.] 


Velocitioa. 

Regular  Le  Buulcng6. 

Experimental  Le  Bou- 
leng6. 

No.  1.            No.  2.      ,      No.  1.            No.  2. 

1152                1J48      i          1162                1154 

1138 
1134 
1136 
1138 
1134 
1138 


1130 
1129 
1130 
1137 
1130 
1136 


1136 

iii;m 

1146 
1146 
1142 
1149 


1128 
1127 
1144 
1141 
1137 
1148 


1136.3 


1132 


1140.  5 


1137 


11.34.1 


113875 


Extreme  variation. 


8* 


2y 


Accoraoy. 


Radius  of  circle  of  shots. 


Regular. 


Experimeii- 


.  89      I  .76 

1.14      I 
Mean  vertical  deviatioiL 
.510    I  .400 

.960 
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[Apiiitr,  ini^>.n.] 


»™™,. 

Regnlu-LflBoDleDi;*. 

■""TSS"""' 

IbdlBa(if«IniI«or>lwM. 

- 

Mo-t 

Ho.l. 

ITo-l 

LM                  .M 
LU 

.740     1         .a» 

IMl 

ll2i 

1130 

1119 

use 

11*0 

1IB7 
IIW 

IM 

i 

1133.3  1 

113S.I 

iiias       ji-ii 

IIW.!                            img 

Inrano 

•tlBtlon. 

w 

" 

rApril  »,  1B8S,  p.  m.| 


BecDlU'  Ls  Bonlengfi. 


Hadiu  of  elrcle  of  al 


l(«ui  veitiaal  4*TiMla*. 
.710    I  1." 


iitti-me  Tirlatlon 
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Tablb  IV. 


fApra  26, 1666,  a.  m.] 


Velocities. 

Aoonnoy. 

Begnlttr  Le  BoaleDg6. 

Experimental  Le  Boa- 
leng6. 

Radius  of  cirde  of  shoti. 

Begnlar. 

BxpettaMi^ 
taL 

No.1. 

No.  2. 

No.1. 

Na2. 

1.04 
1.04 

.61 

1134 

1130 

1143 

1147 

1184 
1123 
1129 
1134 
1103 
1126 

• 

1136 
1127 
1132 
1143 
1101 
1122 

1145 
1146 
1143 
1146 
1141 
1143 

1152 
1186 
1144 
1147 
1141 
1146 

Meui  vertical  deviatioa. 
.785               .500 
.685 

1125               1127. 1 

IIU 

1145 

1126 

1144.6 

Extreme  TErlation. 

42' 

IV 

Table  V. 


[April  30,  1666,  a.  m.] 


Yelooities. 

Aocnxiioy* 

Eegalar  Le  Boaleiig6. 

Experimental  Le  Bon- 
leng6. 

Badins  of  diole  of  aholt 

Begnlar. 

Experimen- 
^aL 

No.l. 

No.  2. 

No.L 

No.  2. 

1.74 
L44 

.64 
.66 

1154 

1153 

1165 

11S8 

1155 
1146 
1122 
1136 
1120 
1126 

1156 
1154 
1127 
1136 
1126 
1123 

1140 
1152 
1146 
1146 
1136 
1140 

1186 
1144 
1154 
1163 
1141 
1146 

Mean  vertical  deviatton. 
1.44                .406 
.6                 .615 

1234.1 

1137 

1144 

1146.6 

1135.8 

1144.8 

Extreme  variation. 

sy 

18" 
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llIacrl,t8e8kA.in.] 


Ydodttee. 

AioenxMU'*            1 

BagnlarLeBoolengd.     JBwHffbn^ JJ  ^  ^**"* 

Badine  of  eizele  of  ehoObl 

Befnlar. 

""•sr* 

KaL 

1 

No.2.      1      No.8. 

No.  4. 

.06 

.It 

1182 

1128 

U04 

1168 

MeMiTerttoeldiTlBH— , 
.878    1          •■• 

1140 
1180 
1188 
1118 
1125 
U89 

1185 
1188 
1120 
1116 
1127 
1184 

1184 
1188 
1188 
1120 
1180 
1140 

1180 
U48 
1184 
1126 
1148 
1184 

1131.8 

1128.5 

1184               1184.8 

1180 

1IB4.4 

Extreme  TsilAtlon. 

sy 

ir 
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Table  VII. 


May  8. 1888,  ».  m.] 


Velocities. 

Aoonracy. 

Begular  Le 

Bonleng^. 

Experimental  Le  Boa- 
leDg6. 

Radias  of  circle  of  ahotik 

Begolar. 

Experimem- 
taL 

No.l. 

No.  2. 

No.  1. 

No.  2. 

LU 
i           .04 

L76 
.60 

1.03 
.06 
.07 
.93 

L06 
1.05 
L07 
L21 
L04 
LOO 
.73 
.88 

1140 

1134 

1140 

1134 

1131 
1133 
1132 
1116 

1122 
1134 

U34 
1133 
1132 
1124 

1126 
1142 

1136 
1142 
1134 
1130 

1134 
1133 

1134 
1148 
1137 
1132 

1130 
1144 

&30 

8.08 

L05 

LOl 

Mean  vertical  deviation. 

• 

Regular. 

Experiment 
tal. 

.010 
.700 
L365 
.480 
.640 
.500 
.785 
.746 

.020 
.720 
.685 
.000 
.756 
.720 
.500 
.516 

1128 

113L  8 

1134.8 

1130 

6.185 

5.775 

112 

9.9 

1136.0 

.778.1 
(*) 

.721.7 

Extreme 

variation. 

18' 

16' 

*Gan  cleaned  after  each  two  targets. 


[May  3,  1866,  p.  m.] 


1134 

1130                1164 

1164 

1133 
1116 
1121 
112« 
1135 
1131 

1138  1140 
1118                1150 
1132                1141 
1132                1140 
1143                1136 

1139  1134 

1142 
1158 
1148 
1148 
1142 
1143 

1127 

1133                1140 

1148.4 

1130 

1141. 7 

Extreme  variation. 

25^ 

IV 
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tabub  ym. 


[11^4. 1886,  ft.  a.] 


YelocitiM. 

AcoonMq^. 

BflfDlmrLeBoiilense.   |  E«I»ri"5«^I-»Baa. 

Badios  of  etrolo  of  akote.  1 

Sflgolar. 

'So.'"" 

Vo.  1.           Ko.8.      1      No.1. 

No.  2. 

.81 

.84 

L20 

L08 

.84 

L88 

.05 
.80 
.71 

.00 

.07 

1.06 

1186               1188               1127 

1186 

1                   ; 
1 

1187               1127      '         1154      '         1158 

6.00 

8wOO 

LOU 

.04 

1186      i 

1 
1180 

1186 

1188 

1132 

1188               U46      :         1158 
1127               1188               1140 

• 

1184      ;         1136               1184 
1124               1138               1141 

Hem  TerttMl  doviatlQ^ 
.885                 .080 
.480                  .805 
.885                  .805 
.505                  .450 
.515                  .666 
.770                  .600 

' 

1 

8.800 

8L415 

1180 

1137               1144 

.688 

.080 

1188.1 

1130      ;          114L  5            1143. 8 

Gun  dcaned  oftoreMili 
■orieeof  aU. 

1 

; 

1 

1181.5                                 1142.7 

1 

14'                                      18* 

[May  4, 1886,  p.  m.] 

Yelooitiw. 

BegnUr  Le  Boiileiig4.      ^^P***^^^  ^^' 

yal. 

1 

No.  2.      ,      No.  1.           No.  8. 

1134      ;         1184      '         1143      '         1144 

1133      i         1134               1158               1158 

1136  1136               IIM      1          1188 
1138               1133                1136                1180 

1137  i         1130                1143                1188 
1142      .          1138      !         1146      1          1148 
1140      1          1139               1136      1          1188 

1J37.6            1185      !          1142.5            114a  8 

1186L8 

114L6 

Extreme  yariAtloii. 

V 

sy 
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Tabls  IX. 

'Mrny  5, 1886L] 


Velocities. 

AecQTMy. 

BegnlAT  Le  Bonleng^. 

Bzperiinental  Le  Boo- 
leng^. 

BodiiiA  of  circle  of  ahote. 

Regvlar. 

Bxperlmen- 
taL 

No.  1. 

No.  2. 

No.  1. 

No.  2. 

L47 
.88 

1.08 
.79 

,n 

.96 
.79 
.97 

1145 

1137 

1146 

1148 

1139 

1184 

1187 

1140 
1141 
1141 

1141 

1188 

1132 

1189 
1188 
1186 

1134 

1180 

1180 

1150 
1136 
1134 

1185 

1184 

1142 

1152 
1184 
1187 

4.22 

8.48 

1.05                  .86 
Meen  vertical  devietton. 
.845                .585 
.MO                .690 
.670                 .440 
.500                 .680 

2.665 

a.  846 

1188.6 

1187.3 

1137.1 

1139 

— • 

.664 

.686 

1137. 9 

1188 

Sztreme 

Yftriation. 

V 

W 

[Hay  6, 1886.] 


Aconmey. 

i 

1 

Sadioa  of  oirde  of  abota. 

1 

1150               1145 

1147 

1188 

1.44 

.70 

L07 

1.12 

.88 

1.08 

.62 

.96 

1146 
1128 

1131 

1190 

1138 
1124 

1127 

itoo 

1144 
1188 

1148 

1185 
1140 

1148 

1187 
1180 

1144 

1126 
1182 

1188 

4.88 

8.41 

1.08 

.86 

1135      j          1132 
1126      1          1123 

Mean  verti< 

1.125 

.485 

.720 

.880 

MJdeviatloo. 
.616 
.801 
.886 
.605 

1132.5            1176.6 

1142.1 

1184.5 

1130 

1188.8 

8.260 

2:306 

.816 

.676 

Extreme 

variation. 

20* 

IB' 
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Table  X. 

[Maj  7. 1880.) 


TflACitiM. 

Aeeunoy. 

Bignlir  Le  BoolengO. 

Szperlmentil  Le  Bon- 
lengO. 

Badhis  of  eirele  of  shofek 

Bagnlar. 

Bxperlaea- 
taL 

VO.L 

KO.S. 

KO.L 

KO.S. 

LOO 
LOO 
LIO 

.07 
.07 
.01 

Vo  TOlodtlM  telML 

0.M 

100 

LOO                     .70 

Mmh  ^eftksid  derliitffl^ 

.700 
.860 
.810 

.810 
.060 

.760 

1800 

LOiO 

.700 

•  OM 

BBPOET  OF  THE  CHIEF  OF  OBDNANCB. 


Table  XI.— Carbine  cartriAgea. 


53  gnlw.    Bnllst— «W  gnliM. 


Tel<Krtti«8. 

AeoarM]'. 

LaBDolenK. 

So.  1. 

Ko.2. 

is 

IIM 

IIM 

U«0 

UM 

1IB8 
111(1 

Ar..  SB.1 

,rsa 

.an 

.MB 
LMO 

11M.B 

UM 

At.  .TU 

im. 

1181 

1178 

IIW 

1]«8 

U« 

1  4« 

!?1 

nss 

1  55 

, 

UMLB 

114&1 

Il« 
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Tablb  ZIL— CwMat  Mnr14ta. 
VmAlneloadid.    Xow^Om.   IHdied^Me ball**.    ra>wdn',4rl«d-nKBlM.    Bll 

IMAad  bHa  bolkt 


TclodllM. 

ABcanef. 

£4dla>afdnaa«r 

Bll.1. 

Vo.a. 

^St' 

Jmt 

n«s 

im 

I 

.81 

:S 

.88 

4.01 

«.4i 

1148 
UBS 

U*l 

Ult 

IIM 

IISO 

1144 
IIU 
U4« 
1115 

.80 

.88 

MHiiTerUo 
.660 

.895 

.S» 

■lOerlMiM 
.7N 

.4se 

2.888 

2.888 

.SM 

.an 

11U.8 

1I4S.T 

I1I&.T6 

[lI^]B,UBi.1 

iieo 
iiie 

me 

Aoennoy. 

IMihedbMieliillM. 

nbafihotaJ 

U«6 
UGS 

uw 

lua 
u<s 

1U4 

JIM 
1H8 

1.18 

:£ 

-TW 

.338 

.SBfi 
.480 

lUS 

llStl 

.488 

UH.6 

1 
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Table  XIII. — Comparison  far  velooiiv  between  oarhine  cariridge$f  one  wad 

wieef  and  thoee  in  which  all  wade  were properljf  loaded. 
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edga- 


Begular  La  Boaleing6. 

One  wad  edgewise,  L» 
Boaleng6. 

Ko.L 

No.  2. 

Ko.1. 

KO.S. 

1186 

1128 

1183 

1128 
1124 
1187 
1124 
1184 
1140 
1144 

1134 
1127 
1137 
1132 
1133 
1186 
1132 

1118 
1104 
1186 
1128 
1119 
1183 
1126 

1124 
1110 
1186 
1127 
U14 
1128 
1184 

1188 

1133 

1122 

1196 

1124 

SO' 

W 
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lUdtau  of  oiTole  of 

HeuiTatt 

eil  d(iTl» 

■bote. 

Data. 

Bob™1«. 

t»L 

B^eOMT. 

-na— 

Apr.  H 

i.'oe 

(        1.08 

1  -  ! 

1               f 

.030 
.W6 

i  - 

Apr.  aa 

1  ■! 

1          1.U 

}  ■"  { 

1               f 

:mo 

■'£ 

Apr.  !7 

l-{ 

]cZ 

Apr.  as 

!    !:!! 

j  ...  { 

.7«5 

.era 

\     .m 

Apr.  3D 

!    !:i! 

.u 

*:mS 

*tu 

Hv     1 

.M 

.73 

i.oe 

.875 

.m 

l'" 

1.05 

iioo 

.■m 

Uay    8 

'.W 

I'.'A 

'wo 

;i 

'.K 

i.M 

.TM 

.H> 

!a3 

!gs 

;7*6 

.SIS 

.835 

.tM 

.(80 

.B!8 

Hay    4 

1.50    1        .72 

.MS 

.US 

I.  OS         .ae 

.MO 

.«S 

.-70 

(        1. 17    J       .7! 

.841 

.gu 

Mw     5 

1  '1'  3 

.840 
.870 

.440 

.«0 

1        1.M    1       .83 

L12S 

.ns 

Mr   s 

1720 

.801 
.S8i 

1        L12 

.B3 

.830 

.GOB 

{    iil 

.MO 

XlJ     T 

'.KJ 

isM 

.SM 

«.« 

M.M 

lL3t5 

21.  m 

n 

.» 

.liM 

.tt37 
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SUMMARY  OF  REPORTS  ON  MAGAZINE  RIFLES  ISSUED  FOR  TRIAL  IN 

SER  VICE, 

Ordnance  Office,  Wab  Department, 

Washingtonj  D.  0.,  December  15, 1885. 

Sir:  I  have  the  honor  to  transmit  herewith  a  tabular  statement  of 
the  results  reached  in  the  trial  of  a  number  of  each  of  the  magazine 
rifles  issued  to  the  troops.  These  guns — the  Lee,  Chaffee-Reece,  and 
Ilotchkiss — were  recommended  for  trial,  in  the  order  named,  by  a  board 
of  officers  convened  in  1881  under  authority  of  law,  and  were  distrib- 
uted to  the  Army  for  the  purpose  by  the  Lieutenant-General  of  the 
Army. 

The  reports  from  149  companies  have  been  received,  examined,  and 
tabulated,  and  the  results  are  as  follows: 

Com])aring  the  three  magazine  guns  with  each  other,  the  reports  are : 

For  the  Lee,  65 ;  Chaffee-Reece,  14 ;  Hotchkiss,  26.  As  magazine 
<,^uns,  therefore,  the  reports  are  largely  in  favor  of  the  Lee. 

C()ni})ariiig  the  magazine  guns  with  each  other  and  with  the  Spring- 
lieUl  service  rifle  as  single  loaders^  the  preference  is  for  the  Springfield, 
as  follows:  For  the  Lee,  5;  Chaffee-Reece,  0;  Hotchkiss,  1;  Spring- 
lieia,  21. 

Coiuparing  the  magazine  guns  and  the  Springfield  for  all  uses,  the 
preference  is :  For  the  Lee,  10 ;  Chaff'ee-Reece,  3 ;  Hotchkiss,  4,  and  the 
Springfield,  40;  being  largely  in  favor  of  the  Springfield. 

In  tlie  column  of  objections  in  the  tabular  statement  will  be  found  a 
brief  of  the  objections  given  in  each  report. 

After  a  careful  consideration  of  these  reports,  I  am  satisfied  that 
neither  of  these  magazine  guns  should  be  adopted  and  substituted  for 
the  Sprii'gfield  rifle  as  the  arm  for  the  service. 

1  have  been  and  am  an  advocate  for  a  magazine  gun,  but  it  would 
seem  the  i)art  of  wisdom  to  postpone  for  the  present  any  further  efforts 
towards  rhe  adoption  of  a  suitable  magazine  arm  for  the  service.  The 
Springfield  rifle  gives  such  general  satisfaction  to  the  Army  that  we  can 
safely  wait  a  reasonable  time  for  further  developments  of  magazine 
systems. 

Very  respectfully,  your  obedient  servant, 

S.  V.  BBNfiT, 
Brigadier- General^  Chief  of  Ordnance. 

The  Secretary  of  War. 
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(sua  I'oni.      cmpand  ■ 

ptTfd  wi\b        mniea  rllk. 


Co.M.I0lbCaf  Cm,U..C-R 
A.Uimr  ...  (7.'S..H..1>«. 
CD.B,UtlDf.   ..'  ZmC.-R. 

Co.F.litInr  ...    H 

I  Co.  I.  In  lot da... 


J  r  Co.  B,  M  Civ 

I  I '  Co.  E.  M  r.T 


Toul 
.    tM.C.R.J 

.    n-.LscC.R        1    . 


*H.—HatchklW: 


1  (or  unw)  IwoMI  to  lacb  ao 
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6UM8  ISSUED  FOR  TBIAL,  BTC. 


Ol^eotioiia,  ite. 


H.— Sights  not  properiy  graduated ;  front  si|^t  too  ooane. 

Lee. — Reloaded  ammanitioii  works  badlv ;  if  magasine  lost,  redaced  to  single  loader ;  slot  in  ftt>nt  of 
trigKcr*p;aard  an  avenae  for  dost.  C.-K — ^Demands  too  mnoh  force  to  operate  bolt.  H.— Cartridges 
impinging  in  magazine ;  danger  of  explosion. 

C.  R.  aod  H.— Cartridges  Jam  in  chamber  in  rapid  firing. 

Ail.— Fall  cock  after  loatuDg.  H.— Reloaded  ammanitlon  works  badly  {pieoe  likely  to  be  discharged  : 
(1)  if  bolt  closed  suddenly  in  loading;  (2)  at  ''order  arms"  if  out-off  forgotten ;  sights  poor;  car- 
tridges in  magazine  likely  to  explode ;  knob  of  bolt  should  be  bent  down.  Lee. — Too  many  maga- 
zines on  belt. 

C.-R.— Too  great  friction  in  loading.    H. — Large  frictional  snrfaoe ;  heavy  in  breeoh  block. 

C.'R. — Mechanism  complicated  and  woiks  very  hard,  especially  when  foaled;  dirt  gets  in  easily  ;  re- 
loaded ammunition  works  badly ;  trigger  "  creep  *'  excessive ;  danger  of  premature  explosion  in 
loading  magazine. 

Lee. — Magazmo  belt  awkward  and  easily  collecting  dust  in  field  service.  H.  and  C.-R. — ^Danger  of  ex. 
plosion  in  magazine ;  stocks  weakened  by  magasine  insertion.  AIL— Complicated  mechanism  essily 
dogged. 

C.-R. — Excessive  trigger  pull ;  reloaded  ammunition  works  badly.  C.-R.  and  H.— Weak  stock ;  danger- 
ous magazine  system.  All. — Fall  cock  after  loading ;  premature  explosion  liable  fh>m  bolt  sUpi^mg 
when  half  cocking ;  breech  mechanism  complicated  and  easily  fouled. 

H.  and  C.R.— Breech  mechanism  complicated  and  easily  clogged;  dangerous  magazine;  stock  weak- 
ened by  magazine  insertion. 


C.-R.— Can  nse  only  regulation  lifle  ammunition ;  mechanism  complicated  and  liable  to  oI<^i  flidls  to 
throw  cartridge  into  chamber;  reloaded  ammunition  works  badly;  emptv  shells  not  easily  saved. 

H.— Breech  mechanism  insuiiiciently  protected  flrom  dust,  ico.  H.  and  C.-B.  Great  care  necessary  in 
a^asting  cut-off,  to  prevent  premature  explosion. 

Lee— Breech  mechanism  complicated,  and  not  well  protected;  magasine  may  easily  rust  into  fhune, 
got  bent,  &.C. 

C.-R.— Breech  mechanism  complicated  and  easily  disarranged,  fooled,  Ac ;  fails  to  throw  up  cartridge 
into  chamber ;  attention  to  management  of  guns  spoils  accuracy  of  firing. 

Lee  and  C.-U. — Breech  mechanism  complicate,  exposed  to  dust,  and  works  hard ;  fidls  sometimes  to 
eiect  shclJ.  Lee.— Magazine  belt  clumsy,  See, ;  not  suitable  in  "manual."  C>IL— Cartridges  some- 
times Jam  at  the  entrance  to  magazine. 

H. — V  rear  sight  objectionable. 

H.— Breech  mechanism  easily  fouled ;  knob  unsightly  and  easily  broken;  trigger  "creensi"  short 
barrel j  forward  cartridge  in  magazine  often  prevents  piece  remaining  cocked;  awkward  to  load  in 
marchiDg ;  increased  twist  in  rifling  causes  heating  and  **  leading," 

C.R.  and  H.— Breech  mechanism  too  exposed,  and  liable  to  mst,  foul.  See. ;  great  oare  to  a^nst  cut-off, 
to  prevent  premature  discharge. 


All.— Bolt  system  unfitted  for  cavalry  service ;  too  easUy  foaled  with  dust,  Ac  C.>R.— Breech  mech- 
nni8m  works  very  hard ;  pin  fails  to  discharge  cartridges  at  times.  H.— Magasine  spring  fouls,  and 
will  not  throw  up  cartridges. 

All.— Not  well  signted ;  complicated  mechanism  liable  to  aooideint  in  field  service.  H.— Not  fired  well 
iu  ' '  Texas  grip ' ' ;  magazine  spring  weak  and  often  inefbctive ;  stock  weak.  Lee.— Magazine  fragile 
and  easily  injured  in  field  service.    H.  and  C.  R.— Magazine  action  not  smooth. 

C.-R.— No  way  to  carry  as  cavalry  gun ;  mechanism  complicated  and  easily  Ibaled  in  field  service; 
magazine  mechanism'  works  hard. 

9331  OR 33 
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umuED  VOR  TRIAL,  ETC.— Cootinaed.    * 


01i|)eetl<nia,  Aa 


Lee.~RAlo«ded  ammtmition  ased  with  diffloolty  i  mMhanlmn  tmaSij  elogged  by  dust,  Ao.  i  mftgaaioM 
not  easily  transf erred  andei*  fire:  belt  carries  less ammanition  and  more  weif^ht  than  service. 

Lee. — Mecuanisni  complicated  and  hard  to  take  oare  of;  nnsnited  to  **  manual ;  **  no  way  to  tell  If  car>' 
tridfses  remain  in  magazine. 

H.— l>ifficalty  with  reloaded  ammnnition ;  braech-bdlt  in  awkward  poaition  i  unsoitable  for  mamiaL 

H.  — Y-shoped  rear  sight  ansatis&otory ;  mechanism  probably  easily  fimlad  in  Held  ■arrice. 

C.-K.-— Trigger  poll  excessive  and  especially  objectionable  in  lying  or  sitting  positions;  breech 
mechanism  hard  to  work ;  misfires  freqaent,  owing  to  weakness  of  spring}  msgaaino  action  eo^ 
obstmcted,  and  feed  unreliable;  onsaited  to  "manoaL" 

Lee.— Breech  mechanism  too  exposed;  easily  msts  and  fonls;  recoil  greater  than  serrioei  sights 
poorly  graduated ;  cartridge  belt  clomsy. 

C-B. — Excessive  trigger  poll ;  piece  too  heavy. 

C.B.— Excessive  trigger  pull ;  breech  mechanism  works  hard,  easily  liable  to  msft  and  IbidfaiCf 
cntoff  thumb-piece  too  easily  moved  by  accident;  onsaited  ganeraUy  for  field  aenrioa.  H.— Badqr 
siehted. 

H.— Siglits  coarse ;  Y-shaped  rear  sight  ol]|]ectionable ;  gnn  badly  aighted. 

Lee.— Difficulty  with  reloaded  ammnnition. 

H.— Reloaded  ammanition  used  with  difficulty ;  mainspring  weak  i  ill-aoited  to  ''rnannal ; "  sighta  badly 

graduated. 
H.—Ki'Ioaded  ammunition  works  badly;  mainspring  weak ;  miaflree  ocoaaJonaTly ;  Y-shaped  rearal^l 

objectionable ;  sigiits  poorly  graduated. 

C.-R.— Planner  of  connecting  magazine  bad ;  dirt  enters  groove  and  fouls  mechanism ;  breech  mechanim 

complicated.  H.— Danprerous  magazine.  Lee  — When  magazine  detached  dirt  enterseasily  and  firala i 

belt  urran^cmiDt  clumpy.    Lee  and  C-B. — Method  of  cocking  piece  requires  too  great  force. 
H.— Short  barrel ;  Righted  poorly ;  bullets  nicked  when  firing  rapidly  from  magaalne,  which  affsoti 

accuracy ;  extractor  spoils  shell  for  reloading. 
Leo. — I'.clt  objectionable. 
C.  11.— Excosi  ve  t  rig^erpnll ;  reloaded  ammunition  works  badly ;  breech  mechanism  easily  fouled  and 

works  very  ba  d ;  uusuited  to  manuaL    H.— DangenAis  magazine.    ]>e.— Magaalne  readily  lost  and 

ii^jun  d  in  service. 
U.— Mechauisoi  easily  deranged  and  hard  to  keep  clean;  anow,  Ac., obstructs  it  completely ;  mac 

uziaodHn;!eroos  from  position  of  cartridges;  unsuited  to  manual;  magasine (^ring ukely  to kijik 

and  prevent  use ;  bullets  flattened. 
Lee— Dilliculty  with  reloailing  ararannition ;  magazine  liable  to  Icsa,  fto-,  In  action ;  detachable  syatem 

l)ad    belts  inconvenient ;  i>reech  mechanism  worka  hard,  and  not  easily  kept  dean  in  flaftd  aervioei 

liability  to  premature  discharge. 

Lee.— Magazine  spring  fails  to  feed  up ;  belt  o^ectlonabla. 

H.— Unsafe  magazine ;  magazine  spring  kinks  and  reftisea  to  work.  C.-B.— Sxoeaaive  trigger>pull ; 
bi-eech  mechanism  complicated;  magazine  system  easily  dersnged. 


C.-B.— Magazine  cut-oflf  readily  displaced  in  operating  breech  mechaniam,  whereby  aotioa  of  pit . . 

cholccd.    n.— Danger  of  explosion  in  magaaine.    Lee.— Mechanism  too  complicated  and  Uable  to  in* 

jury  for  field  service. 
C.-K.— Unsuited  to  manual ;  reloaded  ammanition  works  badly;  magaaine  cnt^iff  aya^em  defeottvai 

extractor  cuts  shell;  trigger-pull  excessive;  barrel  too  short;  stock  too  thick;  breech-blook  toa 

bright ;  all  these  affect  accuracy  of  fire ;  main-spring  weak  and  fidls  to  discharge  piece. 
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Ottjection*,  &e. 


Lee.— Full  cook  after  loading;  stud  on  hammer  qoiokly  worn  down ;  cannot  nae  reloaded  ammnnltfon; 
magazine  belt  anBuited  to  ase  in  action ;  inconvenient  in  manaal ;  foree  required  to  operate  bolt  lames 
hand,  and  tends  to  derange  Arc. 

H.— Short  barrel ;  affects  acca racy  of  Are,  especially  In  recumbent  positions;  dangerona  magaainei 
sites  poor.  C.-R.  and  H.~ Firing-pin  spring  weak  and  fails  to  discharge.  Lee.— Detached  magasins 
impracticable  in  field  Bervice ;  bolt  ciomsy.    Lee  and  C.-B.— Breech  mechanism  stiff. 

H. — Can't  use  reloaded  ammunition ;  bullet  abraided  in  entering  cliamber;  short  barrel  impairs  aeon- 
racy  of  fire.  Lee.— Magazine  liable  to  ii^ury ;  magazine  system  impracticable  for  field  service.  C- 
R. — Breech  mechanism  takes  too  much  muscle  to  operate. 

Lee.— Reloaded  ammunition  used  with  great  trouble ;  locking  device  unsafe. 

C.-R.— Reloaded  ammunition  nsed  with  difficulty;  trigger-poll  excessive;  sights  not  properly  placed  ; 
breech-locking  system  defective.  H.— Danger  of  explosion  in  magazine.  Lee. — Detachable  mag- 
azine and  belt  system  objectionable. 


C.-R.— Breeh  mechanism  works  hard. 

All. — Complicated  mechanism ;  reloaded  ammunition  works  badly.  C.-IL  and  H.— Dangerons  hammer 
system ;  meu  not  likely  to  use  properly  magazine  system,  cutting  off  and  throwing  on,  at  times  of 
excitement.  (\-K. — Creep  of  tri{;^er.  a. — Dangerous  magasine  system;  cartridges  in  contact.  Lee.— 
Cartri(Icei)  ofteu  bluck  and  fail  to  feed;  hammer  full  cock  at  loading;  firing- pin  liable  to  break 
magazine-belt  awkwanl  and  heavy  ;  trigger-pull  not  easily  regulated. 

C.-R. — Complicated  mechauism. 

C.-R.— Fails  often  to  throw  cartridge  into  chamber ;  mechanism  works  hard. 

C.-R. — Complicated  aud  difficult  mechaniBm  ;  lost  motion  in  trigger-pull;  slide-bar  in  magasine  gets 
unbooked  :  Lee. — Majiazine  liablo  to  droppine  and  injury ;  belt  cumbersome. 

H. — Danger  of  exploBion  in  magazine ;  Lee  and  C.-R. — No  means  to  lock  hammer  at  ftill  oock.  Leo.- 
Magazine  ofteu  remove<l  with  difflctilty.    C.-R. — Complicated  mechanism.t 

C.-R. — Breech  mechanlBm  complicated  and  works  hard,  liablo  to  fouling  and  i]\}ury.  Lee.— 'Magasine 
likely  to  bo  lost  in  action  ;  belt  cumbersome.'    H. — Bullets  *'  stripped." 

AIL— ^fweloaded  ammunition  work.4  badly.  C.R.  and  H.— Bullets  become  flattened  in  magazine  and 
affect  accura(*y  of  tire.  C.  •  R.— Breech  mechanism  works  heavily ;  cartridjies  Jam.  Lee.— Magasine 
not  eiisily  adjusted,  and  bolt  awkward. 

H.— Danger  in  cartridges  in  contact  in  magazine.    Lee.— Belt  heavy  and  awkward. 


H.— Reloaded  ammunition  works  badly ;  cartridge  thrown  into  chamber  so  violently  as  to  flatten  head 

of  bullet  and  impair  accuracy  of  fire. 
C.-R. — Sights  inaccurate;  breech  mechanism  complicated:  magasine  only  attachable  when  cliamber 

cloBed  by  button ;  if  latter  moved  when  chamber  open,  piece  rendered  useless  as  magazine  gun ;  oaa 

be  discharged  sometimes  at  half-cock. 

Lee.— Detachable  magazine.    H. — Cartridges  Jam  ;  accidental  explosion  possible.    C.-B.— Main-spring 

weak  ;  Ht^jck  too  largo  and  heavy  :  trigger-pull  excessive  ;  reloaded  cartridges  foil  to  explode  ofteiL 

H.— Cartridges  so  close  in  magaziue  that  bullets  chipped.    Lee. — Nnmeroos  lands  and  grooves  hard 

to  keep  cleaa. 

H.— Cartridges  lial)le  to  explode  in  magazine.  Lee. — Magazine  clumsy  and  impracticable  for  fleld 
use. 

H.— Dangerous  magazine  system ;  difficult  to  remove  firing-pin ;  **  leads."  Lee.— Magazine intorfbres 
with  Itfc  hand  ia  firing ;"  leads ;  *'  breech  mechanism  (anity;  key-sleeve  works  oard;  flring-pin 
often  fails  to  reach  primer ;  driug-pin  hanl  to  replace.  C.-R. — ^Breech  mechanism  faulty ;  trigger 
*  creeps" ;  lifting  spring  weak ;  rear  sight  not  properly  placed. 

Lee.— Magazine  too  heav3'.  and  method  of  carrying  it  clumsy.  C.-B. — Breech  mechanism  compli- 
cated,    if.— DanL;er  of  explosion  in  magazine,  and  of  deformation  of  cartridges. 


518  BBPOKT   OF   THE   CHIEF   OF   ORDNANCE. 

SuMMAST  or  a 


iHudto- 

A™«.tH- 
nport^on. 

S.F 

-» 

ProfcTBOO* 

PreferencB. 

Iffl?.' 

TWaU 

1 

1 

1 

=  1 

1   1 

1 

1  BvKlinait,«in- 

s 

1 

i 

s 

1 

ll 

, 

i 

\l 
; 

r 
i 

;Co.H.SihC>V-. 
|Co.H.l«Inr,.-. 
'Co.A,4(hInf.- 

jB«id,inlilDf.. 
]Oo.A.10thlnf.. 

Ca.B.10tblDf.. 
.CftClOlhlnf.. 
^CoD.lOthlnf.. 
:Co.F,l(MhIiif.. 

Co,  C.  10th  Inf.. 

Co. H,  10th  Inf.. 
Co.I.ldthInf... 
Co,  Q.  nth  Inf.. 

ICo.C.13lhInf.. 

i  Co.  K,  13th  Inf.. 

Co.H,mhior.. 

CB.I,ISlbInf... 

Co.K,iaihiiif.. 

i^B^a-s. 

ff.,Lee,C.-E. 

t 

1 

Lm,  C..B,H. 
Lt4,B..0..X. 

: 

.... 

.... 

a-S.,Lw.H. 

ff.,i«,a-a. 

» 

1 
t 

1 

I 
1 

"'.rma.Ti'T 

1 

1 

L*f,0.-S..B. 

I^O.-£.,B. 
L•^0.-IL,H 
C.-A..H.,I«i 

i«,  c,.*:..  B- 

IM.  C.R..  B 

1 
1 

' 

1 

C.-B.,I.*e.H. 
LU.C.R..B. 

1 
I 

: 

1  Co. tilth  Inf— 
Co.I,301hInr  .. 

a..R^LK,U. 

... 

..L 

1 

REPORT   OF   THE   CHIEF   OF   ORDNANCE.  519 

I8BUED  FOB  TRIAL,  STC.~Continiied. 


OttJeetknia,  *a 


AIL~TTiiflt  for  field  service;  breeoh  ezpoeed ;  aeoenttj  to  Miry  •il|  malbMady  in  **mMmml  **i  brtooh 

mechanlHm  oomplicated. 

Lee.— Ballet  strikes  edge  of  chamber  in  enterins.  Mid  Mcnrsor  of  lire  impaired  tliereby  i  retoaded  am- 
munition works  badly ;  magasine  easily  losi  m  action }  belt  oombenome  and  ill  deaigned;  springs 
stick  oat,  &c. 

Lee.— Sights  too  coarse ;  reloaded  ammnnition  works  badly ;  magaaina  aaaily  laat  in  aetton. 


H.— Manner  of  loading  magazine.    C.-B.«mechanism  too  oompUoated.    Lee.— Belt  and  magarinaa 
weigh  too  mach ;  magazines  liable  to  i^Jory  in  aetiTa  aervioa. 


H.— Sights  coarse ;  reloaded  ammnnition  works  badly. 

C.-B.— Breech  mechanism  complicated ;  works  hard  when  mnoh  used  i  trigger  "oreepai**  dangarof  ex- 
ploeion  in  mapuine ;  reloaded  ammunition  works  badly.    Lee.— Heavy  and  elomsy  magaafaa  belt. 

All.— Reloaded  ammnnition  works  badly;  sand  teat  not  borne;  knob  in  way  at  **nianaaL**  Lee.~ 
Sizhts  poorly  adjusted. 

H.— Kcloaded  ammunition  works  badly ;  cartridges  Jam  and  prevent  aotlen  of  bolt ;  dangar  of  ezploaion 
in  maeazine. 

AIL— Breech  mechanism  liable  to  foaling,  in}ary,  Jamming.  raat,Ao.{  knobaanobatraotienln  **mannal.*' 
in  absence  of  hammer  nothinff  to  show  if  piece  is  cocked ;  ftiU  ooek  after  leading  i  diffetence  in  fUi 
and  half-cock  hardly  perceptible ;  half-cock  from  fall-cook  leqnirea  gnat  iKce^  sc.  fl.  and  C.-B.— 
Danger  of  explosion  m  majrazine. 

All.— Difficalty  with  reloaded  ammnnition.  Lee.  -When  loaded  ftiU  to  half-cock  at  riak  of  alipping 
and  exploding  cartridges ;  rear  sight  ill  adjosted. 

H.— Daoger  of  explosion  in  magazme.    C.-B.— Magasine  liable  to  choke.    H.  and  C.-B.— Beita  awk- ' 
ward  to  operate. 

C.B.— Too  heavy :  defective  mechanism  for  operating  magasine,  and  for  attaching  magasine  i  excessive 
trigger  pall;  if  less  than  fall  number  ofcartridgea  in  magazine  extra  motion  withoolt  necessary  to 
bring  ap  first  one ;  inclosing  breech-bolt  must  carry  forward  whole  colomn  of  cartridgea.  H.— Dan- 
ger of  explosion  in  magazine.  C.-B.  and  H.— NoUung  to  remind  that  last  cartridge  in  magazine  has 
been  nsed.    Lee. — ^Belt  unwieldy ;  no  cut-off  to  magasine. 

H.— Mechanism  complicated;  excessive  trigger pnlT;  ** creeping'*  triggeri  shorter  point-blank  and 
total  range,  and  snorter  dangerous  space  at  all  rangea.  C.-B.— Trigger-pall  abominable;  trigger 
"  creeps." 


Lee.— Must  use  both  hands  to  bring  hammer  to  aafety  notch  after  loading ;  hammer  liable  te  alip  and 
discharge  piece;  breech  meohanMm  works  hard  when  foaled ;  in  **Texaagi^"  hammer  in  recoil 
strikes  band. 

C.-B.— Excessive  trigger-pnll;  flring-pin  often  fkila  to  diacharge;  mechanism  worka  very  hard;  re- 

loadedjunmunition  works  bsdly ;  cartiidges  Jam  at  magaaine  entrance ;  short  barrel  albcia  acoaracy. 

H. — Magazine  complicated.    C.-B.  and  H.— Bifling-tikist  to  right. 
H  —Breech  mechanism  clogs  and  worka  hard ;  clogged  by  dirty  cartridgea;  in  rapid  firing  exoeaatve 

heat  generated,  and  great  force  necessary  to  opaTbreech.    Lee.— Belt  aitanfesMat  intaraarsa  with 

rapid  fire  in  field. 

Lee. — Magazine  springs  could  be  improved. 
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All.— Reloaded  ammunition  works  badly ;  swollen  ahells  extracted  with  dlAeidty.  C.-R.  andH.—Meoh- 
anism  complioated  and  liable  to  injury. 

C.-R.— Tri<:ger-pull  excessive ;  magazine  mecBanism  fails  to  work  at  times ;  empty  shells  block  action 

of  mechanism  occasionally ;  magazine  becomes  disconnected  in  firing. 

• 
All. — Reloaded  ammunition  works  with  difScnIty.    H. — Msf^azine  probably  loaded  with  difficolty  in 

cold  weailier.    C.-R.  —Breech  mechanism  complioated.    Lee.— Dust  likely  to  clog  breech  mechanism 

in  field  service ;  cartridges  sometimes  exploded  in  closing  breech. 
All. — Reloaded  ammnnitioo  works  badly.    C.>R. — Breech  mechanism  complicated  and  hard  to  operate. 

• 
C.*R.-Breech  mechanism  works  hard.   When  desired  to  use  as  single  loader—magazine  filled— cartrid^ses 

liable  to  work  up  and  prevent  operation  of  breech  mechanism  completely ;  cartridges  often  Jam ;  cut- 

ofl'  gets  out  of  gear  and  disables  piece ;  pin  of  cut-off  bar  slips  from  slot ;  magazine  fails  to  throw  up 

cart  I  idgc ;  heads  of  bullets  bruised. 
I]—(^' art  ridges  fail  to  explode;  sights  ill  adjusted ;  mechanism  intricate;  hard  to  work,  to  deaOiand 

to  keep  cle^D  ;  reloaded  ammunitiou  works  with  difiiculty. 
Le4*. — Reloaded  ammunition  works  badly ;  unsuitable  for  "  manual."    H. — Shells  Jam  in  rapid  firing; 

spring  iu  magazine  too  weak  to  throw  up  last  one  or  two  cartridges  when  muzzle  elevated.    C.>R. — 

liolt  works  stifiiy ;  ti  iggcr-puU  badly  regulated ;   used  as  single  loader,  magazine  charged,  often 

jams ;  as  magazine-gun,  cartridges  not  always  thrown  up. 

II. — Magazine  inconvenient  to  load.    C.-R.— Cartridges  in  magazine  liable  to  be  exploded. 

H.  —  Y-sbar>ed  rear  sight ;  bairel  too  short ;  danger  of  explosion  in  magazine ;  cartridges  clogin  feeding. 

C.-R.  and  li. — Magazino  in  butt  stock  an  clement  of  danger. 

C.-R. — Mechanism  complicated ;  loading  magazine  difficult  and  dangerous. 

Lee.— Trigger-pull  uncertain. 

Lee. — It'  bolt  handle  not  wholly  turned  to  right  hammer  strikes  projection  and  fails  to  reach  cart- 
ridge;  bolt  meelianism  clumsy.  C.-R.- Complicated  mechanism;  magazine  difficult  to  load  in  ac« 
tion ;  triciier-ptill  uncertain  and  disagreeable.    H. — Danger  of  explosion  in  magazine. 


C.-R. — Too  great  trigperpull ;  reloaded  ammunition  works  hard ;  breech  mechanism  complicated  and 
hard  tx)  operate;  in  action  difficult  to  know  if  magazine  ia  on  or  off;  cutoff  button  is  worked  wilh 
difficulty. 

H.— Short  barrel;  sights  not  properly  placed ;  cannot  lock  without  hammer  at  fiiil-cock ;  magazine  de- 
fective. 

C.'R.— Disabled  by  dusting ;  too  many  parts  likely  to  collect  and  be  disabled  by  dust,  &c.  Lee. — Can- 
not use  as  single-loader  when  magazine  attached ;  belt  system  bad ;  magazine  liable  to  loss  in  action ; 
belt  magazine-holders  deface  stock  in  manual. 

C.R. — Breech  mechanism  works  very  hard. 

Lee.— Recoil  severe;  extractor  nnreiiable ;  breech  mechanism  choked  by  inability  to  release  bolt  after 
firing;  fails  sometimes  to  explode  cartridges;  magazine  easily  disconnected  by  accident:  dirtfklls 
from  chamber  to  bottom  of  magazine ;  collects  and  obstmots ;  bolt-handle  in  recolLiitcikes  forefinger; 
magazine  belt  clumsy ;  cannot  be  used  firing  on  back,  when  sling  takes  np  recoil. 

H. — Ramrod  poorly  secured ;  rear  sight  bad ;  i  ear  sling  swivel ;  thickness  and  drop  of  stock  impair  good 
aim ;  arm  of  breech  mechanism  in  way  in  manual ;  ejector  tears  through  rim  of  ahelL 

Lee. — Reloaded  ammunition  used  with  difficulty;  breech  mechanism  works  very  hard;  cartridge  belt 
unwieldy;  bolt  an  obstruction  in  manual;  bolt  and  extractor  sometimes  fail  to  work ;  extractor  cuts 
be^  of  shell ;  in  locking  piece  hammer  becomes  immovable. 

C.-R.— Trigger  pull  excessive;  cut-off  button  easily  broken ;  moTcs  too  readily,  and  may  alter  from 
ma;:azine  gun  to  single-loader,  and  vice  vena,  withont  knowledge  of  man;  if  moved  when  breech  epMt 
mechanism  is  disabled ;  breech  mechanism  complicated,  delicate,  and  misleading;  entrance  to  maga- 
zine in  butt-plate  objectionable.  H.— Danger  of  exploa&on  in  magazine.  Lee.— Detachable  magazme 
liable  to  loss  and  injury. 

C.-R.— Excessive  trigger-pull.    H.— Danger  of  explosion  in  magmsine. 
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H.— Mnat  pall  trigger  and  SD»p  gnn  to  throw  ap  oartridge  from  mMCiisine,  followed  by  bolt  moronento 
that,  incorrectly  made,  may  cause  prematare  diachargei  magaame  daDgerooa,  lUbble  to  explotlon, 
hard  to  fill.  Lee.— Belt  cumbrous ;  magasiue  liable  to  be  lost  in  action.  C.*B.— BzoeaaiTe  trigger* 
poll. 

H. — Magazine  dangerous. 

H.— Poor  sights ;  trigger-pull  heavy ;  magaaine  cannot  be  loaded  or  unloaded  witboat  oocking  ftooei 

dangerous  magasine. 
Lee.— Belt  arrangement  restricts  amount  of  ammunition  carried ;  difficult  to  manage  belt  and  magaalua 

in  action ;  no  cutting  off  magazine  i  reloaded  ammunition  used  with  difficult  t  as  single-loader,  larg* 

opening  in  iMttom  or  recelTer  flinlty,    H.— Magaaine  dangarous.    C.-2.  — Aotbn  of  outHiff  connulBg 

to  ordinary  soldier.  , 

C.-K.— Magazine  system  otjectionable;  requires  gun  to  be  held  munledowiiWKd  in  loading. 

Lee.— Keloaded  ammunition  works  badly:  f^ll*cook  when  loaded.  C.-B.— Cut-off  fliad  ehnuagr,  fad^ 
fective,  and,  wrongly  used,  completely  disables  piece.   H.— Daagefona  magaainai 

C.-B.  ExcessiTO  trigger-pull. 


Lee.— Belts  do  not  admit  bayonet-scabbard  attachment;  unsafe  to  bring  to  half-cock. 
Lee.~Belosded  ammunition  used  with  difficulty  i  unsuited  tomanuali  oeltdunMy  i  bycaat  icabbid 

and  sergeant's  pistol-holster  unprovided  for.  ^ 

H.— Inaccurate  sights ;  V-shaped  rear  sight  oldeotionable ;  reloaded  ammunition  woika  badly  i  aoCh* 

ing  to  indicate  when  magazine  is  empty. 

C.-B.— Sights  improperly  placed;  breech  mechanism  easily  disordered  i  cut-off  Ibila  to  work  i  magaaiua 
does  not  feed  well ;  cartridges  Jam.  &c. ;  breech  mechanism  complicated,  and  trigger-pull  ezoestlfai 
reloaded  ammunition  used  with  difficulty;  unsuited  for  manual. 

C.-B — Excessive  trigger-puU;  badly  sighted ;  magaaine  mechanism  works  hard ;  reloaded  ammuuittoB 
difficult  to  use  in  magazine;  bright  sur£sce  in  front  of  eyes  affscts  aim.  H^^Dangerous  magaainai 
Lee. — Detached  magazine  an  objection. 

C.-B.— Excessive  trigger-pull;  too  thick  stock  j  badly  aighted;  breech  meohaalam  complicated  and 
easily  fouled ;  discharges  at  half-cock ;  magazine  cut-off  button  eaail7  broken ;  mechanism  of  ma|^ 
sine  not  alw^s  works ;  firing-pin  foils  to  explode  cartridges ;  rdoaaed  ammuniUoii  used  with  dUB* 
onlty .    H.— Dangerous  magazine.    Lee.— Msgazine  liable  to  lose  i  belt  arrangement  cumbMnomc 

Lee.— Full-cock  after  loading ;  cannot  use  as  si^le-loader  with  magaaine  attached. 

H. — ^Unsuited  to  manuaL 

C.-R.— Difficulty  with  reloaded  ammunition;  cntHiff  too  easily  diaplsced;  breech  machanism  imlly 
fouled  and  obstructed. 

H.— V  rear  sight  objectionable ;  reloaded  ammunition  used  with  difficult  in  magaainat  0«-B.— Latek 
of  loading-hole  likely  to  choke  with  dirt.    Lee.— Liability  of  magazine  to  in|ury« 

Loa— Magazine-spring  weak;  belt  system  inconvenient;  somewhat  unsuited  for  menial 

H.— V  rear  sigbt  objectionable ;  sigh'ts  defective :  safety-lock  eaaily  overlooked ;  magaaina  dangerooa j 
reloaded  ammunition  clogs  magazine  action ;  ill  suited  to  manuaL 

Lee.— Danger  in  coming  to  half-cock;  belt  arrangement  clumsy j  no  cut-off  to  magaaina i  unauited  ta 
manual.  C.-R.— Great  trigger-pull;  safety -notch  chipped  out  frequently ;  cut-off^toorMdilvmoredi 
dangerous;  reloaded  ammunition  used  with  difficult ;  unsuitable  for  manual.  H.— Bear  sight  bad| 
cut-off  too  easily  moved ;  reloaded  ammunition  used  with  difficulty. 

H.— Rear  sigbt  too  far  forward:  badly  sighted;  firing-pin  spring  weak;  wbea  500-grala  cartridges 
used  bolt  chafes  groove  in  forward  cartrtdge  of  maguine;  maMzine  sometinies  feeds  up  wheaicat 
ciff;  piece  discharged  at  order  arms  if  cooked  and  not  locked.  C.-B.— Eaaily  aifectM  by  sand,  *o,i 
magazine  hard  to  load ;  feed  mechanism  complicated  and  uncertain ;  easUv  fouled  t  bolt  works  bttd 
agidnst  spring.  Lee.— Bolt  works  hard  against  spring ;  dangeioua  method  of  leaking bdUj  dalaahed 
magazine  objectionable;  cannot  use  aa  aingle-loader  with  magaaina  attached i  ban  and  migialna 
easily  damag<:d. 
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C.-R.— Excessive  trigger-pull;  breech  meohftoism  oomplioated ;  works  hard  and  OMily  disabled t  re> 

loaded  ammunition  used  with  diflScalty ;  onsuited  to  manusl ;  stock  too  Urge  and  weak ;  woald  not 

stand  field  service.    H. — Dangerous  maeazine. 
O.K. — Reloaded  amninnition  used  with  difficaltx;  breeoh  mechanism  ifoilu  hard;  trigger*pnll  ex* 

cessive ;  danger  of  explosion  in  magasine ;  magasiue  liable  to  be  thrown  off  by  accident  in  closing 

bolt,  &o. 
C.-R.— Excessive  trig^r-pnll.    C.-R.  and  H.— Ballet  strikes  end  of  chamber  in  passtnff  from  receiver. 

H.^DaDgerous  magazine ;  magazine  does  not  always  feed ;  reloaded  ammunition  used  with  difflcnlty ; 

firin^pin  fails  to  discharge ;  springs  appear  to  lose  strength;  V  rear  tight  objectionable;  recoil  ex* 

oessive, 
Leo — Reloaded  ammunition  works  poorly ;  ramrod  too  short 
H.— Y  rear  sight  objectionable ;  unsnitea  to  manuaL 

C.-R.— Full  cock  after  loading;  trigger-pull  excessive;  reloaded  ammunition  can*t  be  used. 
Lee — Full  cock  at  loading;  nnadapted  to  manuaL 

Let —Full  cock  after  16ading ;  danger  in  going  from  fall  cock  to  half  cock ;  onsuited  to  mannal. 

(.'.-K.— Full  cock  at  loading ;  fails  to  discharge  cartridges ;  breech  mechanism  too  little  protected  for 
field  une. 

B — CoaiHeaighta;  short  barrel ;  dangerous  magazine ;  reloaded  aromonition  works  poorly;  nnsuited 
toninuiial;  breech  mechanism  complicated  and  liable  to  damage ;  magazine  cut-off  too  small ;  hard 
to  handle.  Sec. 

All— Full  cock  after  loading ;  unsuited  to  manual ;  hard  to  pull  off  in  lying  position.  H.  St  C.*R.— Dif- 
ficulty with  reloaded  ammunition.  Lee— Parts  soon  worn  down  and  mechanism  obsUucted ;  bolt 
handle  strikes  forefinger  after  discharge.  H.  St  C.-B. — Failore  to  explode  cartridges.  H.— -Cart* 
ridizes  ntrike  edge  of  chamber  and  impair  accuracy  of  fire;  dangerous  magazine;  C.*R.— Heavy 
trigger-pull. 

<^.R.— Trigger- pull  excessive;  nose  of  seat  too  short ;  sights  defective ;  misfires  occasionally ;  button 
rut-off  in  the  way  in  operating  bolt,  and  magazine  often  unintentioniJly  turned  on  when  gun  is  used 
an  single  loader;  breech  mechanism  works  hard,  liable  to  rust;  dangerous  half*oooklng  arrange- 
ment ;  hammer-head  should  have  thumb-piece ;  no  way  to  show  magazine  is  empty ;  stock  too  large ; 
unsuited  to  mannal.  H.— Bullet  indented  in  entering  chamber.  Lee— Bullet  injured  in  entenhg 
bore ;  magazine  easily  lost,  4&c. 

□.—Firing-pin  spring  weak ;  sights  bad :  dangerous  magasine ;  bullet  strikes  in  entering  bore,  hence 
inaccurate  shooting ;  reloaded  ammunition  works  bad^. 
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appljics:  n  ^^evl  trnnni'^n-hoop  undi-r  ^h^iuka^e  to  a  cftst-iron  body  {k^ 
pendiiiS- I 

rxiHrriiDrDSit!  iTuiiuioxi-boop  h^T  ^-l!3cb  stfr!  B.  L.  ride  (Appendix  II  of  A^ 

]Hr3«iiX  '^'i-     4 

IjDiiiTadinai  strrujib  ••f  oil-tempercil  aD>l  annealed  rolled  ^eel  gnn-lmpt 

.'Ay»iKcd:i  *J7    .1 I 

•A-iridin^  ami  .:i>!i:ani!:nj:  an  esprrimenral  wiiv- wound  gua  cylinder  (kp- 

{•fndix  ;57a I 

Ivecriiirii'ii  >>i  :hr  fr.«.Ti'.T.  and  eK-o trie  olitnrating  primers  ni»<le  at  Frank- 

I'jrd  Ar— 3:i':  (Appendix  3^?     4 

♦-x[K-riui»'L:T.r  •  i'.A-.-'ij.  j^'iwdtT (Appendix  :!9^    4 

labr:-. ;!:.■»:.  ••:  I'.'J-iu-.h  -i»-fl  B.  L.  lield  i:uii» \, Appendix  3D)     4 

Ci:-»/rE!:.  LiriT.  William: 

|.r  t^rt- ^^  ?•.•!•••;:  ■>■.!  «.■«.■. >Tn:'T:«^!i   of  lO-inch  B.   L.  rifle,  cast-iron,   ^re- 

wra:'i»»-.t ( Appendix  S)     3 

:e{»»ri  **u  ^i::d:u  j:  a::il  di^manT'.-.-u^  an  esperimenral  wire-woand  gjin  cylin- 

d' r \.  Append ix'^a)     4 

I»F.p 'TS.  <»t:r»NANCK : 

reiACT  "i"  i«r::ii  ■:»a'i  iU'riaTii^us  ar  iln?  Chi-veiiiie  for  the  liscal  vear  Is^  rA»- 

p«?'ij»l:\  :i'j=   ----- 4 

ElkiTKIC  rKiMKR-*.       S-.e  <"»f«Tnrjiii:i:  liriiuers. 
Exi-EXDiTrkE-*: 

"t  tlj»*  Oniuaiio-  Depart n>-nt  I'-ir  r>».n:  yenr  l^-^i 

>-Xf}:i::MFNTAL  •.rN.>.   '..V     ».■•:. ■«:r::»tiiiii  rein.its. 

•:>Tr>u!:i»r.  it;«»rt  ••f  tL  ■  "*-  !    I:  .-t»-oI  No.  1 <' Appendix  17>     I 

■   -.ji'-itimi  r»"'  ■*:  ■•f  \iw  "-ii  •  !■  ^ti^^-l  i;iiu  Ni».  1 f,  Appendix  ISi     i 

•■■:-'.• '-:;;!.!:  1».  L.  lid-.  ■  a-t-in-i:.  \vir«.-\TrapiH*d (ApI^ndixS^   "3 

ii-  l"J-;'i..!i  b.  L.  r;:i".  «.-.i-«i-in»:! ^.Appendix  10^     1 

i.-n.^:i  Ii»:  T-Mi-  h  b'»wiT7«r.  '*ie:j:»- (Apl^ndix  14)     i 

•'.i-r  r.'-irii.  i!  M.  L.  ririi'tl  itmrtar.  i.;i»i-:r«»:i.  L'i«>j»fd  with  steel. (Appendix  11^     I 

KX!  •  .MMENTAI.    SAM«<: 

1m:  --i:i.  Ii  ;.:   i-  .?■.>•. (Appendix  13)     1 

111-  :-J-i!i'  1   :».  jriTil.'- (Appendix  :■)     3 

Fa!:!:I'.a:I.»N'*: 

^:.»'  li.*-'::  •»:".  i'«r  •'.-  !>.;i:  year  Irr*) (Appendix  1) 

Fii::  r>  •.vns.  stfki 

:«.-;.■:'  -»?.  i  t'-ii--  iri'i'.i  of  o.'J-i'Kh  >teel  B.  L (Appendix  30)     I 

Fl!.LL»-.N  LAliiJiAlir.- 

Fl-t.  vL  ]:i.-?  'lIIi.KS  AVnnXF'KNDITl'RES.  l^"?*) -..---- 

FLAt.Li.K.  I-:i:rr.  (.i-L.  D.  W. : 

l»aLk;!ij  <:!r::'  i   i  the  ll««rihkis<  mniintain  gnn --------- 

rep*'''-r  mi  ;•  f. k:Ti^<>;iTtir  for  the  Hot ehkiss mountain  j;un...-( Appendix  31)     € 

Fla.nk-i»!"IKv>i:  t«i::pkih>  linlm 

I  ii:.--r'.-^-.  Ti'jMur  ••n  fsperiuit-uts  ha^  been  made  liy  the  Ordnance  Board.-.       ' 

FoK'riNii'*.  >ihi.i..      >•?  Cousirnctii'ii  i»f  ordnance.^ 

F« .» : : T :  I :  ■:  A  r  1 1 1  \  •» .  a  f.  m a m  k  x t  <"> f .     .  >t  r  A nna nivn t  of  fortifications. ) 

Fi::t. Tii^s  PKIMKKS.      .<<■?  Obturating  primers.) 

i ;  E I  A  n  N  K .  B  r.  A  -  riN'j : 

i-:'i.irt  nf  r\Tieriiiiep.T^.  I>v  the  Onlnance  Board (Appendix  15)     I 

Guv-:" 

ir-iKirr  .in  tin-  r-imh  B.  L.  riilr (Appendix  9) 

ITii::ri'-«  ri*p«irt  u:i  tiie  l.-iiich  B.  L.  ritlr.  cast-iron  ...-- (Appendix  10)     1 

]irti>:r*.'s.'  rn-jtnrt  •»»  tbo  TJ-inob  M.  L.  ritlod  mortar,  ca?^  iron,  hooped  win 

-^•••^1     -." (Appendix  11)     1 

'k'^itin  for  ;i  T-iin  b  >iiie  howitzer  (Appendix  14)     J 

con.-sinrctioii  np'»ri  nf  the*  «?xpfrimental  steel  viuch  B.  L.  rifle  Xol  l-(Ay- 

pendix  17i -------—.     i 

inspect <i)ii  i"{Miri  uf  ibi*  ?-iiub  experimental  steel  B.L.  rifle  No.  1. (Appen- 
dix 1«) I 

const nic-ri' III  n-porr  of  riM-  ?-in>:b  Yates  B.  L.  rifle  (converted). (Appendix  19)     f 
const riuT:<i:i  rtpi>rt  i>f  l<.'-:iuh  B.L. rifle,  c&^t-iron,  wire-wrapped. (Appes* 

dix-2.'.. 3 

Hand- RE  LOADING  tools: 

chanp:eil  tn  lunfnrm  to  the  chauj^c  in  the  manafaotnre of  eartri^gea (eu^ 

billed  by  tlie  iimi>»ion  of  wad ----  ------.«,«,. 

HoBBS,  Lieut.  F.  E.  : 

progrtrtv?  report  of  work  at  the  Midvale  Steel  Works (Appendix  93)     91 

proirrt^ss  report  t)f  work  done  by  the  Cambria  Iron  Company. (Appendix  9il     S 
report  on  munufucture  of  un  experimental  forged  tmnnion-lioop  fiir  8  iwA 
steel  B.L. rifle 4 


